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WHAT IS LIGHT?
HOW WOULD YOU TURN INVISIBLE?

The three most 
creative entries 
will each win a 
free subscription 
to BRAINWAVE!

EMAIL YOUR ANSWERS   
  TO brainwave@

ack-media.com
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Dear Reader,
Things are never what they seem.

Pick up any newspaper these days and the headlines all 
seem to point to certain doom. We’re ever on the verge of 
war, disaster or epidemic; the environment is dying and 
it’s always bad weather.

How do we keep from constantly panicking? How can 
we keep our toes dry and our pants warm? The answer is 
hidden inside an even bigger set of questions: science.

“Science!” you may well exclaim. “How’s that going to 
help us? Science is so dull and boring! Pfeh!” 

Not! There’s more to science than a bunch of laws and 
rules and fl at defi nitions. That level stuff is navel fl uff! 
Balloon air! Poke a hole in it with your compass! 

Science is really about being smart and witty and a 
little strange. It’s about pattern-hunting, asking the right 
questions and solving problems cleverly. The best kind of 
science causes huge change and progress. 

And that’s exactly the kind of science we like to practise 
here at Brainwave. In this fi rst issue, we’re going to 
put all sorts of big freaky questions into your head. You’ll 
start thinking about how you can disappear, how sunlight 
can be used as a horrible weapon, how the last tigers can 
be saved, how cameras are really miniature rooms, about 
seeing upside down, and a lot more besides. We’re going 
to drive you mental with doubts and problems and ideas. 

In time we hope to get better at asking strange 
questions and talking science — but only with your help, 
suggestions and contributions. So please write to us.

Scientifi cally,

Vinayak Varma, Editor
vinayak.varma@ack-media.com

Confused? GOOD!

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

01

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
14, Marthanda, 84 Dr.Annie Besant Road, Worli, Mumbai - 400018

Copyright © 2010, 

Brainwave Magazine.
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Cover artwork by 

Pencil Sauce

Scientifi cally,

Viinaaayak Vaaarma, Editor

Printed at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
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S

WARZONE

Archimedes is known today chiefl y for 
jumping out of baths and running 
around in the nude yelling “Eureka!”. 

People usually forget that he was also one of 
history’s great mathematical geniuses, who 
discovered the principle of buoyancy, fl uid 
dynamics and many other big ideas.

But poor old Archimedes, his reputation 
wasn’t so hot back in his lifetime either. 
Archimedes’s contemporaries thought of 
him as a master war machine builder rather 
than as a scientist and thinker. 

Archimedes fi rst gained this  notoreity in 
214 B.C.E. when his home, the Sicilian city 
of Syracuse, was attacked by an armada of 
Roman ships. The siege was repelled for two 
whole years with the help of Archimedes’s 
war machines, until the Romans fi nally 

overpowered them. 
Historians say that one such Archimidean 

war machine was a parabolic refl ector 
that had the Roman navy scooting for its 
life (para-what? go read our explanation 
below). 

Parabolic refl ectors can collect and 
project energy. So mirrors placed in a 
parabolic arc can be used to refl ect sunlight 
onto a really narrow area of focus. 

It is said that Archimedes used such an 
array of mirrors as a long distance weapon. 
With it, he could focus the sun’s rays all 
the way from the seashore onto the sails 
of faraway Roman ships. Since sunlight 
contains heat, the ships would have caught 
fi re within seconds of such an attack! 

story and artwork by Vinayak Varma

ARCHIMEDES AND HIS BIG BAD 

MIRROR OF DEATH

heaters and even in radar that 
can detect aircraft and missiles. 
The parabolic refl ector can also 
be used to produce a parallel 
beam when the light source is 
placed at the focal point. You 
can see this at work in a torch or 
in your car headlights. 

The Archimedes Claw (which 
was also used during the 
Syracuse Siege) and Nikola 
Tesla’s teleforce death ray 
(which, the story goes, can kill 
an army from 200 miles away). 

TWO OTHER LEGENDARY 
WEAPONS TO LOOK UP: 

A parabolic refl ector is a special 
kind of concave mirror designed 
to capture light or other forms of 
energy, like radio waves, sound 
and light, and focus it to a single 
point. You may have seen one 
already: e.g., the dish antennas 
that collect TV signals, solar 

WHAT IS A PARABOLIC REFLECTOR?

this is how light 
is reflected 
from a flat 

mirror

and this is 
how light is 

reflected from 
a parabolic 

mirror

focus

Many scientists have conducted experiments that have disproved the 
Archimedes death ray story. What do you think? Can a mirror be used to set 
ships on fi re? Yes? No? Write to brainwave@ack-media.com and tell us why!
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Can you believe that until the 1500s, 
everyone thought that the Earth 
was fl at? Until, that is, Magellan led 

the fi rst expedition that actually circled 
the earth and proved that theory wrong. 
People in the past based their theories 
on explanations that sounded grand or 
polished. No one spent time observing, 
experimenting or proving.

The question of how we ‘see’ also lacked 
a scientifi c basis. Until the 10th century, 
there were two schools of thought regarding 
this perplexing matter. One bunch of people 
believed that we saw the world around 

HISTORYMAKER

by Aparna Kapur

artwork: BombayDuckDesigns

FIRST
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4th century B.C.E.

A partial solar eclipse was taking place. 
The great Greek thinker Aristotle, probably 
out for a walk, noticed the image of the 
eclipsed sun on the ground through the 
leaves of a palm tree. Later, he noticed the 
same crescent shape forming through the 
holes in a sieve. In the time that followed, 
several others, including the Greek 
mathematicians Euclid and Theon, and the 
Arab Iraqi scientist Al-Kindi, made similar 
observations.

10th century C.E.

Another partial solar eclipse. The great 
Arab scientist Ibn al-Haytham who was 
lounging indoors, probably tired from a 
walk, noticed a bright crescent shape on a 
wall. This seemed odd, because the room 
had no windows. He looked again, more 
carefully, and noticed that the window 
shutter opposite the wall had a tiny hole 
in it. The light from outside was passing 
through the hole and throwing an inverted 
image on the wall. 

The Camera Obscura

Th
La
op
do
th

us because our eyes emitted rays of light 
that fell on objects and made them visible. 
Another set of people believed Aristotle’s 
claim that we could see because physical 
forms from objects actually entered our 
eyes. But both these theories were just 
guesses.

In the 10th century, an Arab scientist 
called Ibn al-Haytham (known to 
the West as ‘Alhazen’) brought to these 
questions (and hence, to science in general) 
the spirit of scientifi c inquiry. He conducted 
experiments, made observations and drew 
conclusions.

He proposed that light exists irrespective 
of whether our eyes are closed or not. He 
proved this by conducting an experiment in 
which he hung two lamps outside a room, 
lighting up two spots on the wall. When one 
lantern was covered, the spot was darkened. 
This showed that light existed independent 
of the human act of seeing it. He further 
explained that when our eyes open, rays of 
light enter them, helping us see. 

Al-Haytham went on to write the Book of 
Optics, where he made startlingly accurate 

descriptions regarding the functioning of 
the human eye. He is rightly referred to as 
the ‘Father of Modern Optics’. Apart from 
his major discoveries in optics, al-Haytham 
also made notable observations on the 
physics of light. Several hundred years 
before Newton explained it to the western 
world, al-Haytham had already arrived at 
the notions that light travels in a straight 
line and is composed of particles. 

He studied refraction, and opened 
wide avenues for research in the area of 
visual perception and optical illusion. His 
contributions are not limited to the fi eld of 
optics. He made observations about inertia 
and momentum that anticipated Newton’s 
laws of motion, and was also one of the fi rst 
people to suggest the link between algebra 
and geometry.

Al-Haytham was the fi rst person to 
recognise the importance and responsibility 
of being a scientist. He gave birth to ‘the 
scientifi c method’, the process of giving 
logical explanations to events and ideas, 
and testing these theories in a controlled 
way. This is why al-Haytham is known to 
the world as the fi rst scientist.

He
th
ou
th
in
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The word ‘camera’ comes from ‘kamara’, the Ancient Greek word for ‘room’, and ‘obscura’ is the 
Latin word for ‘dark’. The most basic form of a camera obscura consists of a room or a box with a tiny 
opening on one side. Light from outside enters through this opening, producing an exact but upside 
down image of whatever is outside. These principles were later employed to develop cameras, making 
the camera obscura a pioneering discovery. 

A simple 
home-made 

camera 
obscura in 

action photo: Tom Murphy
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He connected this process with the way 
the human eye functioned. He worked 
out, correctly, that people were able to see 
things because images were being projected 
into their eyes the same way the crescent 
image had formed on his wall.

Al-Haytham then decided to construct a 
replica of his image-forming room. If an 
image was produced in the same conditions 
as before, it would prove his theories on 
capturing light. The experiment was a 
success, and the ‘camera obscura’ was born.

07December 2010

brainwave1.indd   9brainwave1.indd   9 21-09-2012   09:56:0021-09-2012   09:56:00



08

DIY

by Chaitanya Krishnan
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Deep under the Dolphin’s Nose 
promontory, in the heart of the 
Nilgiri hills, there is a set of dark 
winding caves. Only seven people 

on Earth know that these caves even exist.

In one of these caves, carefully hidden 
behind a large pile of bat guano, there is 
a small stainless steel door. And tacked 
onto this door is a wooden sign that reads, 
simply, ‘Brainwave Laboratory’. As you’ve 
cleverly guessed, this door leads to a science 
lab. A top secret science lab. Hush! 

It’s so top secret that even the Keeper of 
Great Secrets, She Who Listens With Seven 
Ears, has never heard of it. It’s so super 
secret that the strange beings who work in 
the lab spend much of their time pinching 
themselves. It’s so ultra secret that even... 
Ah! But I see that you’d like to know a bit 
more about the strange beings who work in 
the lab, yes? Well. 

At one end of the lab sits an old 
bearded Toda lady who does dangerous 
experimental things all day. She makes 
mini black holes before breakfast and eats 
dark matter for lunch. Because the old 
bearded Toda lady answers only to loud 
piercing cries, and because she alone knows 
her real name, everyone just calls her 
‘Skreee!!’.

The other end of the lab belongs to the last 
living dodo. The dodo is hard at work on a 
time machine. He is qualifi ed to work on 
time machines, because he has an honorary 
certifi cate in Anachronomaly & Parallel 
Universes from the great University of 
Clockwindistan. It’s often useful to have a 
certifi cate handy, especially when you need 
to eat cake and there are no paper plates 
left. The dodo is also a trained dentist.

Between the Toda and the dodo is a messy 
row of machines that have many coloured 
lights and go beep beep beep beep beep...

Oh! Ohohoho! You’re a lucky one, good 
reader! You’re in for a real sci-fi  treat! 
Something very odd and wonderful  is 
about to happen in Brainwave Labs!

In just a few moments, one of the beep-
beepy machines will break from routine 
and make a boop-boopy sound. Its red 
lights will turn blue, and its yellow lights 
will turn green. Wheels will turn, and the 
machine will do what it was created for. 

That’s right. In just a few moments, with a 
boop-boop and a fl ash of purple, two time-
space wormholes will open up in the two 
entry portals next to the little grey dodo. 
And two small humans will emerge from 
within the wormholes. The dodo will not 
expect this to happen, because he thinks 
the time machine he’s been repairing 
doesn’t work just yet. In his shock and 
alarm, Dr. Dodo, for thus he is called, will 
lose four of his fi nest feathers.

The two small humans from the portals, 
who have travelled many miles in Time, 
will emerge with great confusion into 

th
in
oth
‘Al
gr
re

“T
“Y
yo

“A

THE SMARTIES

TALES FROM 
THE LAB:
part one

Two

Arrivals
Timely 

Story and artwork by Vinayak Varma
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this new world. The older of the two will 
introduce himself as Aryabhata, and the 
other’s junior school name-tag will read 
‘Albert Einstein’. These humans will one day 
grow up to be geniuses, so say the ancient 
records. But not just yet.

“This is a mistaaake!” Dr. Dodo will sqawk. 
“You’ve come too sooon! And you’re sooo 
young! You’re both faaaarrr too...!”

“Arby,” Skreee!! will interrupt, because she 

is the calm, clear thinking sort, “and Alby. 
That’s what we’ll call you. Arby, short for 
Aryabhata, and Alby for Albert. Two new 
smarties for our lab! This is Dr. Dodo, and 
I’m... well, never mind me. So here’s the 
deal, right? We’ll teach you both everything 
we know. And while you’re here, both of 

you can help us with our experiments. In 
return, one day soon we’ll send you back to 
when you came from. OK? OK?”

Okay! That’s the odd, wonderful sci-fi  thing 
that’s about to happen in Brainwave Labs, 
deep under the Dolphin’s Nose promontory 
in the heart of the Nilgiri hills. But not just 
yet. Not just at this very yetness, no. You’ll 
have to wait a few minutes more. 

Time works in strange ways, no?

20 12 487CEE2020 1:1:1:122:2:2:4848487C7C7C7CEE:EEE:
ARYABHATA

009 06 1887CE
ALBERT EINSTEIN
0909009:0:0:066:6:18188787CECE::

December 2010
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WHAT NOW?

THE 
MORPH
PHONE

future 

concept

It can harvest solar energy and respond to changes 
to its environment, just like a plant. It is the ultimate 

communication tool, allowing you to make calls, 
surf the web, play multimedia, share information 
and interact with people and systems just like the 

most cutting-edge smart devices. It can also be bent 
and folded and re-shaped into a phone or a touchpad 

or even a wristband, like something out of a sci-fi  
movie. It may sound like a miracle, but the scientists 

at the Nokia Research Centre have been hard at 
work on a very such device. It has been built using 

nanotechnology, and they are calling the concept the 
Morph. Tell us what you think about this amazing 

invention: write to brainwave@ack-media.com. 

Images Copyright © Nokia 2010
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INVISIBILITY is not the 
realm of sci-fi  or fantasy 
any more. Devious 

technologies are cooking in 
hi-tech laboratories around 
the world, which will allow 
us to disappear at will. For 
real! Excited? Read on to 
discover four ingenious 
techniques to turn invisible 
and the awesome technology 
that will enable this

by Rahul Nayar & 

Rajita Gadagkar

COVER STORY
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Vision is the art of seeing what is INVISIBLE to others.
- Jonathan Swift

photo: Luca Venturi

A Tachi Labs 

invisibility cloak, 

displayed at the 

Tokyo Museum 

of Innovation.
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As we speak, scientists 
in different parts of the 
world are working to create 
ingenious technology that 
will render us invisible. 
Leading the pack is Professor 
Susumi Tachi, from the 
University of Tokyo. This 
Japanese scientist has 
already designed a crude 
invisibility cloak! A shiny 
raincoat (made of a special 
material called retro-
refl ectum) acts like a sort of 
movie screen. A computer 
projects scenery from behind 
the raincoat onto its front. So 
a viewer can only see what’s 
behind the raincoat, making 
the wearer invisible. 

Now, for a second, imagine 
that you’re wearing Prof 
Tachi’s coat. And say there’s 
a car parked behind you. 
The computer projects the 
picture of this car onto you. 
Someone standing in front of 
you wouldn’t see a boy or girl 
or any human form for that 
matter. Instead they would 
see a car. Putting on the 
raincoat creates the illusion 
that you’re see-through.

Invisibility 

Technique I

Professor 
Tachi’s 
Raincoat
(For those frequent 
occasions when you 
desperately wish you 
were see-through.) 

brainwave1.indd   16brainwave1.indd   16 21-09-2012   09:56:1021-09-2012   09:56:10



Boo!

World 

domination 

was only one 

invisible helme
t, 

a pair of 

invisible glove
s 

and a pair of 

invisible shoes
 

away...

The 

Invisikid

Overheard online: 

For a cheap laugh when walking through 

town, it’s always funny to bump into 

someone in a CAMOUFLAGE JACKET and 

say: ”Sorry, didnt see you there!”

artwork: Vinayak Varma

In 1987, Anil 

Kapoor, Sridevi 

and Amrish 

Puri starred in a 

Hindi sci-fi  fi lm 

called Mr. India. 

The fi lm is about 

a poor violinist 

who becomes 

a superhero, 

a dastardly 
supervillain 

named Mogambo 

and an amazing 

watch. When this 

watch is worn 

and activated, it 

makes its wearer 

invisible! Mr. 

India is still a 

cult favourite 

among people 

who grew up 

in the 80s. 
Find a DVD of 

it and watch it, 

for a fun retro 

Bollywood look at 

invisibility!

The funda of invisibility is pretty 
straightforward — the cleverer you are at 
playing with light’s behaviour, the better 
you can be at making people and things 
disappear. This principle is evident in a 
real-life example of invisibility — soldiers 
dressed in camoufl age. To keep themselves 
hidden to the enemy’s eye, soldiers dress 
in clothes covered with green and brown 
splotches to look like the trees, leaves 
and rocks around them. As the light that 
bounces off the soldier’s clothes is the same 
as the light that bounces off the jungle 
(green and brown), it’s hard for you to tell 
them apart. And the soldier becomes – 
presto! – invisible.

Invisibility Technique II

Natural Camoufl age
(If you fi nd yourself in the woods 
and want to merge into the trees and 
shrubbery.)

A U.S. Army 

patrol in 

camouflage 

uniform tries to 

blend into rocky 

Afghan terrain.

But natural camoufl age has one big 
drawback: the setting that you camoufl age 
yourself against does not move along with 
you. So when the soldier dressed in his 
green and brown junglee outfi t moves 
out of the forest and onto a concrete 
highway, he will be as ‘invisible’ as a 
Christmas tree in the Gobi Desert. To 
overcome this limitation, scientists have 
come up with new and improved ‘active 
camoufl age’ technology. Read our next 
invisibility technique to get to bottom of this 
mysterious technology.

How safe would an invisible world be? Cops 
in invisibility jackets would be able to catch 
robbers really easily, but what if the robbers 
fi gured out how to turn invisible too? Would 
such a world be good, bad or quite dangerous? 
Write to brainwave@ack-media.com!

or 
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Invisibility Technique IV

You tell us!
(Because nothing beats your 
imagination!)

How would you turn invisible? What 
invisibility technology would you invent if 
you were Prof. Tachi? Would you drink some 
special chemical brew? Or would you utter 
a secret incantation to poof off into thin 
air? Would you create a special chamber 
that could make you vanish when you 
step into it? Or would you create a super-
sophisticated invisibility machine? 

Invisibility Technique III

Metamaterials Cloak
(Guarantees complete and total 
invincibility...oops!...invisibility.)
 
Active camoufl age can make real invisibility 
possible. This technology works by making 
sure that no light whatsoever bounces back 
into your eyes. To make this happen, there 
is one special ingredient that needs to be 
added in — ‘metamaterials’. 

Scientists are now focusing their attention 
on this special material made of tiny, tiny 
structures, the size of atoms. Metamaterials 
will enable us to take light and bend it 
around any shape and in any path that we’d 
like.

Due to its unique physical composition, a 
metamaterials cloak will make sure that no 
light bounces off its surface to reach your 
eyes, making the wearer totally invisible. 
Not surprisingly, armies and defence 
companies have become very interested in 
this exciting technology. 

Imagine what a tank cloaked with 
metamaterials could do: it would be 
completely invisible to an enemy tank trying 
to shoot at it. While invisible metamaterials 
are still very much the stuff of the future, 
that future isn’t all that far away. 

Name:_______________________
Idea:  _______________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
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Metamaterials can be used to 

make tanks invisible. Imagine 

the crazy wars of the future!

Draw and/or write your brightest, 
boldest ideas into the box below, 
scan this page and email it to us 
at brainwave@ack-media.com. 
The best invisibility tech will be 
featured in Brainwave!
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WILDTECH

A brown lizard scampering on a rock. 
A green caterpillar perched on a leaf. 
A polar bear lumbering through the 

snow. These animals can be very diffi cult 
to spot, thanks to their ability to merge into 
their surroundings. Such an ability helps 
many animals to keep themselves hidden 
from their predators or prey and is known 
as camoufl age.

The most well-known example for 
camoufl age in the natural world is seen in a 
type of lizard known as the chameleon. 
Some clever species of chameleon can 
change the colour of their skins to match 
the surface they happen to be on. This is 
why we refer to people who constantly 
change their behaviour to suit the occasion 
as being ‘chameleons’.

But there are many other animals that 
use camoufl age in more interesting and 
strange ways. The potoo bird, found in 

Presenting the most devious animals in the natural 
world, which go to remarkable lengths not to be seen

Sultans of camouflage

South and Central America, is remarkable 
in this regard. It spends its nights feeding 
on insects, and by day it sits still on a tree 
branch. The potoo has a colour and pattern 
that closely matches that of the tree it sits 
on. When the potoo becomes aware of 
any threat coming close, it shuts its eyes 
and makes its body stiff. (Try and spot the 
potoo in the photograph below). The effect 
of this behaviour is that the potoo starts to 
resemble a broken tree branch very closely.

Camoufl agers are not just restricted 
to land. The fl ounder (see p19) is one 
such creature that uses camoufl age to 
great advantage under water. Found in 
the Atlantic and Pacifi c oceans, this fi sh 
changes its colour and texture to match the 
background it is moving against. 

So if the fl ounder is passing through a 
sandy ocean fl oor, it mimics the look of 
sand. If the fl ounder fi nds itself swimming
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Design a camoufl age outfi t, stand against 
the background you would like to merge 
into, look invisible, and click a picture! Get 
as devious as you can! Email your photos to 
brainwave@ack-media.com

fl ounder photo: Moondigger @ Flickr

sand grasshopper photo: Don DeBold

p
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lithops photo: Yellowcloud @ Flickr

Military camoufl age has one of its early 
roots in India. Back in colonial times, 
the East India Company’s forces would 
roam about in their easy-to-spot white 
tunics, presenting big bright targets for 
native attackers. In order to blend into the 
landscape more effectively, the army dyed 
its uniforms a light brown shade that they 
called ‘khaki’ (after the Urdu word for 
‘dusty’).
Today, military camoufl age has evolved 
to a science. There are different patterns 
suited to the terrain and habitat of different 
countries, with really cool names like 
‘French Lizard’ and ‘Army Tigerstripe’. 
Go see a comprehensive list of military 
camoufl age patterns at http://en.wikipedia.
org/wiki/list_of_camoufl age_patterns

across a bed of coloured pebbles, it changes 
its appearance to complement the pebbles 
(opposite page, bottom; opposite, top, shows 
a sand grasshopper, a talented dry-land 
camoufl ager). 

Scientists have even placed the fl ounder 
in unfamiliar surroundings and found 
that it does a good job of imitating these 
as well. When placed against a checkered 
board, for example, it not only produces 
alternate light and dark patches, but it also 
does so in a way that continues the pattern. 
Incidentally, scientists who are trying to 
make an invisibility cloak are using the 
same techniques that the fl ounder uses.

Human beings play the game of 
camoufl age too. In fact, it is a crucial tactic 
used by the military to conceal soldiers 
from the enemy. Soldiers wear specially 

designed clothing that blends into their 
surroundings. We are not just clever 
disguisers, but have also turned camoufl age 
into something of an art. Sometimes, people 
camoufl age themselves just for fun or even 
to make an artistic statement.
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A group of Indian soldiers in their 

special terrain-specific camouflage

w

THE INVISIBLE SOLDIER
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Peek-a-boo plants
It’s not just animals that are stealthy 
camoufl agers. Plants are well-versed 

in the art of making themselves 
hidden too. For instance, lithops, 
also called ‘living stones’ or ‘pebble 

plants’ are brilliant mimics (see inset 
photo above). These South African 

plants have a clever strategy to avoid 
being eaten by predators. Cunning 
lithops look exactly like the stones 

which surround them. They blend into 
their stony habitats so well, that they 

are all but invisible to the eye.

December 2010
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PULP SCIENCE

DEAR HIGH 
COMMANDER 
GAAARH-LAK,

A major threat to our Earth-invasion 
plan has arisen. We have disturbing 

new reports of Earthlings who can 
turn invisible (fi le pictures included 
of subjects Susan S. Richards, Harry J. 
Potter and Griffi n G. Griffi n). I believe 
they turn invisible by controlling the 
‘refractive index’ of their bodies. 

INVADERS
VS.

INVISIBLEVV SSSEELLBBIISSIIVVVNNNII SLES L SSI
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Story and artwork by Sunando C
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So how do we defeat them if we can’t 
see them? To answer that, we must fi rst 
understand exactly how these powers 
work. 

Light changes angles and moves 
at different speeds through different 
materials. This is called ‘refraction’. 
Consider a coin in the open, under glass 
and through water:

The amount that each material (the 
air, the glass, the water) changes the 
way the coin looks is known as its 
‘refractive index’. 

But two materials with a similar 
refractive index (such as oxygen and 
carbon dioxide) will allow light through 
without changing its speed or angle 
(that’s why both look the same to our 
eyes). That’s how these Earth-invisibles 
work: by controlling their refractive 
index, so that they match themselves to 
the air around them and disappear from 
sight.

BUT! Being invisible would also make 
you blind. You see, High Commander, to 
be able to see stuff, light has to hit the 
back of your eye. If you’ve gone invisible, 
light would pass right through your 
head, making you blind. 

These super-powered Earthlings 
seem to be able to see properly even 
when they’re invisible. How? By seeing 
more kinds of light than the average 
Earthlings can see, that’s how! While 
visible light passes right through their 
eyes, light of another wavelength – the 
light we can’t see – must be hitting the 

backs of their eyes and allowing  their 
retinas to perceive an image. Another 
wavelength such as infra-red, perhaps? 
Indeed!

Since they see in infra-red, regular, 
incandescent lightbulbs will seem 
incredibly bright to these invisibles. 
That’s because incandescent bulbs give 
off light in many wavelengths (in fact, 
only about 10% of their radiation is 
made of visible light). Fluorescent bulbs, 
conversely, won’t show up in their infra-
red vision at all, because that’s how 
energy-saving bulbs work: they don’t 
waste energy by putting out wavelengths 
normal humans can’t perceive.

So how do we use this info to defeat 
the invisibles? First, we’ll lure them (one 
by one) into our lair, which will be lit 
using only energy-saving bulbs. They 
won’t dare turn invisible there because, 
if they do, they’ll go blind. Then we’ll 
smack them on the head! Simple!

SINCERELY,
BAH-TARRRR OF 
PAYH-PAH-BAK, 
COLONY 773
P.S. Another invisible enemy is Mr. 
India, a chap who gets his powers from 
his father’s hi-tech gold wristwatch. Our 
local partner-in-crime Mr. Mogambo 
tells us that the invisibility effect of this 
watch doesn’t work in the red spectrum 
of visible light. I have already ordered 
special red goggles for all our troops. 
Mr. India also plays the violin, we are 
told. For this, we have earplugs.

regular 
light bulb

energy-
saving 
bulb

coin photos: Trilok Rangan

December 2010
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THE SCIENCE OF LIGHT by Curiouscity

FIRST LIGHT

Imagine yourself on a new moon night about a million 
years ago. You’re sitting in a jungle with animals all 
around. It is so dark that you can’t even see your own 
hand! A storm cloud rolls in. In the fl ash of lightning that 
follows, you see your surroundings lit up for just a fraction 
of a second. And then it goes dark again. It’s as if you’re in an 
endless power cut, with no handy fl ashlights to switch on!

In the old days, the only source of light was natural 
light – light that came from the sun, the moon, or the 
odd lightning bolt. The fi rst big break with light 
happened when mankind learned how to make its 
own fi re and used it to see in the dark. The second 
big break came in the 1800s, when scientists 
created light using electricity. Here we tell you 
the bewitching story of light’s journey from big 
break No.1 to big break No. 2.

IS LIGHT LIKE WAVES OR BLIPS?

The story takes off in the year 1675 when Isaac 
Newton, discovered something fantastic about light 
by looking at his own shadow. Have you noticed that 
when you stand against the sun, your shadow has 
sharp edges? Newton felt that such shadows were 
the result of light particles being blocked. This told 
him that light was made of solid particles. If this 
sounds a bit baffl ing, think of light as being made 
up of millions of microscopic crumbs or tiny blips. 
According to Newton, the edges of your shadow 
are sharp, because particles of sunlight travel in a 
straight line. 

But the story of light is not as simple as all that! 
There was a twist in the tale, sometime in the 1800s, 
when British scientist Thomas Young saw light in 
a way that was very different from how Newton 
viewed it. Young’s experiments revealed that light 
travels like waves. It could move past edges, and 
make patterns similar to water waves. It could bend 
around objects, spread out and merge. (Think of 
ripples in a pond when you throw in a stone). He 
concluded that light was not a particle, but a wave. 

BASICS

the story 
of light

22

by Utpal Chattopadhyay / Curiouscity
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ABOUT LIGHT WAVES

But if light was really a wave, as Young 
proposed, what was it made of? This 
missing piece in the deepening mystery 
was discovered by Scottish scientist James 
Clark Maxwell. In 1864, Maxwell realised 
that light was an ‘electromagnetic wave’. His 
experiments showed that when electrically 
charged particles move around quickly or 
vibrate, they also cause the electric and 
magnetic fi elds around them to change and 
vibrate. This results in the creation
of electromagnetic (EM) waves. 

Some of these waves are detected 
and perceived by the human 
eye as light. Yes, you heard 
right. The light that we 
see is actually a kind of 
electromagnetic wave. 
Strange, isn’t it?

THE LIGHT AT THE END

Many more discoveries have been made 
about light and its nature over the centuries. 
If you would like to know more, check out 
some of the resources we have listed below 
or ask your physics teacher for an update on 
the latest happenings in the world of light.

VISIBLE AND INVISIBLE LIGHT 

If light is an electromagnetic wave, then can we shake a magnet or an electrical wire and 
make it give out light? If only it were as easy as that. The electromagnetic waves of visible 
light vibrate at an amazing million million times per second. The number of vibrations 
per second is called ‘frequency’, and the unit of one vibration per second is ‘hertz’. The 
frequency of visible light is between 450 and 750 million million times per second, or 450-
750 trillion hertz!

Are there EM waves or light that are invisible to human beings? Sure there are. Your 
dish antenna – that is your eye in the sky – detects or “sees” electromagnetic waves with  a 
frequency of  about 100 million hertz. You cannot see it, but your dish antenna can. 

What we just talked about is called a spectrum – visible light has a spectrum from red to 
violet as was found by Newton by splitting sunlight using a prism. But there are invisible 
electromagnetic waves belonging to other parts of the spectrum. Gamma rays, X-rays, UV 
rays, microwaves, radio signals, infrared and WIFI are all EM waves belonging to different 
parts of the spectrum. 

Radio waves Microwaves Infrared

Visible to the human eye

Ultraviolet X-rays Gamma rays

wavelength

Light (minus the boring bits!)

To learn how laser beams can sizzle human fl esh and 
what stops our eyeballs from falling out, pick up Nick 
Arnold’s Horrible Science book, ‘Frightening Light’.  
Search YouTube for these fun lessons on light: 
Adventures in Science: ‘Science Of Light’  
Bill Nye the Science Guy: ‘Light and Colour’ 
How Light Enters the Eye

23December 2010
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1   Light travels in the form of ___________ (5)
2   When light passes through our eye glasses it gets ___________ (9)
5   The maximum height of a wave is known as its ____________ (9)
9   A doctor who works on eyes is an ______________ (15)
10 Light takes about ___________ minutes to get from the sun to the earth (5)
12 Three cones in human eyes can detect red, blue and ________ (5)
13 When light bounces off a smooth metal surface it gets ___________  (9)
14 A ___________ is the basic unit of light given off by an atom (6)
15 When light passes from air to water it _________ down (5)
17 When a living organism gives off its own light it is known as _______ (15) 
18 Butterfl ies have _________ eyes (8)
19 The light of the moon actually comes from the ________ (3)

ACROSS

1   Different colours of light have different __________  (11)
3   The colour seen at the top of the arc of a full rainbow is __________  (3)
4   When our eyes play tricks on our brains using light it is called an ______ (7,8)
6   Plants use light in the process of making food which is called ___________  (14)
7   Light is a form of _____________ (6)
8   Dogs are colour-blind but they can see some __________ (7)
11 The distance that light travels in a year is a _____________ (9)
16 An object appears red because it ____________ all colours of light except for red  (7)
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Crossword by Shonali Chinniah / Curiouscity

Watch out for the solutions to this crossword in issue #2 of Brainwave!
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GUESS WHAT

This super strange, incredibly weird 
looking creature was spotted scuttling 

around a rubber plantation in the South 
Indian city of Calicut last week. Initially, 
curious locals in the area tried to capture 
the animal, causing it to scamper up 
a coconut tree in wild panic. While 
early reports believed the animal to be 
some kind of amphibious monster, later 
fi ndings by zoologists, who have arrived 
on the scene in bus-loads, conclude that 
it is nothing short of an evolutionary 
marvel! Closer observation has revealed 
that the ‘Mash Monster’ (as it has been 
affectionately nicknamed) is a combo of 
reptile, bird, insect and land animal. 
Can you take a very close look and name 
all of the fi ve different animals that have 
gone into the making of this remarkable 
new species? 

You can check out the answer 
on page 28 — but we urge you 
not to give up so easily!
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Which part of the human body is the 
second most complex organ after 

the human brain, consists of two million 
working parts and contributes to 85% of the 
information we receive through our senses? 
The human eye! While most of us take the 
process of sight for granted, there is an 
amazingly sophisticated mechanism that 
lets us ‘see’ the world around us. Read on to 
discover some interesting and bizarre facts 
about the ocular organ.

THROUGH THE
Visual processing is a complicated and 
fascinating thing. Let us see how it works. 
Human beings possess a pair of retinas, 
one in each of our eyes. The instant we 
see an object (which happens when light 
bounces off it and enters our eye), two 
inverted images form on each of our retinas, 
simultaneously. So why do we see a single 
image and not two separate ones? And 
more surprisingly, why don’t we see the 
object upside down? This is the due to the 
handiwork of the ingenious brain which 
combines the two distinct images on each 

THE UPSIDE DOWN

OF SEEING

retina into one and then fl ips the inverted 
images right side-up. 

An innovative study demonstrated how 
this mechanism works. Participants were 
asked to wear glasses with inverting lenses. 
These lenses fl ipped the image once (upside 
down), then the eye fl ipped it again (right 
side-up), and the brain did another fi nal 
fl ip, making the image upside down. So at 
fi rst, everything appeared the wrong way 
up to participants. But, remarkably, within 
a few days, the brain stopped fl ipping the 
image and the subjects were able to see 
things normally, and un-inverted. In Part 
II of this study, participants were then 
asked to take off their inverting glasses. 
And within a day, their brains started 
straightening the upside down images 
falling on the eye once again. 

It is speculated that when a baby is just 
born, it sees objects upside down for the 
fi rst few days. But soon after, the baby’s 
brain learns to fl ip the image, and it 
begins to see the world, straight up! 

LOOKING GLASS
by Jandeep Banga / Curiouscity
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The latest developments in gene therapy promise to cure or prevent inherited blindness. 
Sometime in the not-so-distant future, this technique will allow doctors to treat inherited 
eye disorders by inserting a gene into the child’s cells instead of using drugs or surgery. 
So, an ‘abnormal’ disease-causing gene is replaced by a ‘normal’ one. Just think, how 
extraordinary it would be if we could use this therapy to cure blindness and upgrade human 
vision by borrowing genes from other animals!

We could round up the best eye features from various animals and create a human 
‘supereye’! Imagine mixing superpowerful night vision from owls, ultraviolet sight from 
butterfl ies, and special infrared snake vision, or some of the super features described in 
the fact fi le below! There’s more to pick and choose from. The eyes of dragonfl ies, jellyfi sh, 
scallops, and Cuban shovel nose toads are pretty unusual too. See if you can fi nd out 
what their special features are, and draw out your own all-seeing human eye. Email your 
drawings to brainwave@ack-media.com.

SUPEREYE SPY

artwork: Vinayak Varma

Most bees and butterfl ies 
can see in the ultraviolet 
spectrum. So they can see 
several more colours than 
we can.

Some deep sea fi sh have 
an astounding 25,000,000 
receptors in their retinas 

which enable them to detect 
very dim light in the ocean’s 

depths. Human eyes have 
about 2,00,000 receptors per 

mm2 in their retinas.

An owl has a wider pupil 
and increased retinal 

surface to collect more 
light, so it can see in the 

dark. It can spot a mouse 
scuttling 150 feet away in 

light as dim as candlelight.

A falcon has a superior retina 
that enables it to spot a 10cm 
object at a distance of 1 km! 
It can also see sharp images 

even when it dives at very 
high speeds.

A chameleon has eyes 
that move independently, 
allowing it to see in two 

different directions at the 
same time. 

The burrow-hiding prairie 
dogs have eyes high on their 
heads so that they can look 
at the world above their 
burrows without having to 
step out fully.

EYE, EYE, SIR!

artwo
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GUESS WHAT

THE MONSTER UNMASHED
And this is what that bus-load 
of zoologists in Calicut (see page 25) 
found when they fi nally caught 
up with the Mash Monster...

Two legs and a torso from a KOMODO DRAGON: 
The Komodo dragon is the largest species of lizard, found in 
some Indonesian Islands. In addition to its set of normal eyes, the 
Komodo dragon has a third eye on the top of its head! This special 
eye can sense the angle of the sun’s rays and is believed to help 
the Komodo dragon tell the time of the year.

The head of a TAPIR:
The tapir is a herbivore that 
looks a bit like a pig. It is found 
in the forests of South America, 
Central America and South-
East Asia. Baby tapirs have 
striped and spotted coats to 
help them camoufl age.

Two legs and a long snout from a GHARIAL:
The gharial is a reptile which was once found in great abundance 
in all major river systems in and around India. But it is now a 
critically endangered species. The long, narrow snout, that is 
typical of the gharial, appears to have evolved over time to help it 
catch small fi sh underwater. Watch Romulus Whitaker’s inspiring 
TED talk on the challenges of reptile conservation in India at this 
link: http://www.youtube.com/watch?v=vW99KFD-Bk8 A TURKEY’s feathers: 

The turkey is the largest 
bird found in the forests of 
North  America. In the 1900s, 
the ‘turkey trot’ was a wildly 
popular dance in which 
people bobbed their heads and 
strutted about in circles just 
like turkeys!

And a FIREFLY’s glowing tail: 
The fi refl y is commonly found in marshes and 
forests. These glow-in-the-dark insects emit a 
chemically-produced light to attract mates and 
turn off their prey. Light is produced by two 
chemicals in the fi refl y’s abdomen, ‘luciferin’ 
and ‘luciferase’.
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The tiger 

or Panthera tigris is one 
of the most elusive and 
maginifi cent animals  in 
the wild. It is nicknamed 
‘the big cat’ as it happens to 
be the biggest member of 
the cat family, also called 
the Felidae family. These 
striped carnivores can eat 
up to 60 pounds of meat in 
a go and sleep for 18 hours 
straight. The only animal 
that rivals the tiger in overall 
strength and deadliness is 
the lion. Sadly, tigers are an 
endangered species today. 
Their numbers have dropped 
dramatically because of  
poaching and destruction of 
their habitat. At the start of 
the 20th century, there were 
some 100,000 tigers in the 
wild and this number has 
fallen to just about 3,200, 
currently. Several subspecies 
of the tiger are on the verge 
of extinction, and these 
include the Indochinese 
tiger, the Malayan tiger and 
the Sumatran tiger. Luckily 
for us, the Indian or Bengal 
tigers are still the the most 
abundant ones, and make up 
a large part of the current 
tiger population.
This photo of a tigress in the 
wild was shot at Kanha National 
Park by Nithila Baskaran.

ANIMALIA
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We recently spoke with  Belinda Wright, 
tiger conservationist and the Founder and 
Executive Director of the Wildlife Protection 
Society of India, to quiz her about the 
dwindling number of tigers in India. Here is 
what she said: 

Is there any hope of reviving the tiger 
population?
There is hope because the Indian 
government is now investing huge sums 
of money to curb the decline of wild tigers 
and we now have a very active Minister 
of the Environment and Forests, Jairam 
Ramesh. There is also hope because we 
have a number of extremely concerned 
conservationists and scientists. But real 
change will happen when enough people in 
India start caring about securing a future 
for wild tigers. It is not diffi cult to save the 
tiger. If they are given enough space, food 

Madhav Subrahmanyam is a 13-year-old 
tiger conservationist. He started ‘Kids for 
Tigers’ in Mumbai when he was just six 
years old. Since then, he has raised around 
Rs 6 lakh for the welfare of tigers. Two 
years ago, Madhav was named as one of the 
50 people who can save the planet by The 
Guardian, a British newspaper. 

Madhav spotted his fi rst tiger when 
he was two years old. “It was a tigress, 
actually” he said. “She was walking behind 
our jeep, while her cubs were in the bushes. 
The moon rays were visible behind her,” 
he recalls. Since then, Madhav had been 

The Young Conservationist

Interviews by  Aparna Kapur

and water, they breed well and multiply. 

How can children contribute to this 
revival?
Children can raise funds and support 
wildlife initiatives, and stay informed 
of current developments in the battle to 
save the tiger. They can work to spread 
the message in their schools, homes and 
colonies. They can volunteer with wildlife 
organisations, start campaigns or undertake 
simple and fun fund-raising activities such 
as conducting tiger walks.

EARN YOUR STRIPES

fascinated with tigers. 
When he found out that there were only 

3,000 odd tigers left in the wild, he felt 
pretty disheartened. He then hit upon the 
bright idea of raising money for tigers 
by doing odd jobs for people around his 
neighbourhood. “I started polishing shoes 
and arranging fl owers” he says. “I got a 
couple of lucky breaks. Once, I cleaned the 
shoes of some of my mother’s friends and 
they didn’t have any rupees. So they gave 
me $5!”

Madhav didn’t stop at that. He began 
drawing tigers and other jungle creatures. 
His drawings have been turned into mugs 
and quilts which are available at the store 
Good Earth. Proceeds from their sales go to 
the ‘Madhav Tiger Conservation Fund’. 

 Madhav now lives in Indonesia, from 
where he continues his tiger crusade.

Some of Madhav’s cool fundraiser merchandise
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Somewhere, a school bus stops. A 
little girl leaps out, dragging her 
green canvas bag down the steps. 
Bump bump BRAAAAANG! It fl ies 

open and her things are all over the road. 
Pencils, books, a rubber, a sharpener and a 
yellow hair band she’s not allowed to wear 
because the school colours are blue and 
dark blue. 

As she kneels to pick the things up, the 
children in the bus snigger. “Spaz!” they 
shout, “Goobe!”  A ray of light strikes her 
eye, and she looks straight at it, willing it 
to carry her far far away. And because the 
ray of light is actually, just this once, being 
ridden by a very nice person named Minsk, 
it pulls her on, and she is off.   

The girl doesn’t scream. This is not 
because she doesn’t want to. But in the 
huge giant emptiness of space, she might 
well have screamed, but the sound has 
been left far far behind by her ray. 

The person named Minsk is a fuzzy blur 
holding her on, making sure she doesn’t 
fall up or down or sideways, or deep into 
day after tomorrow. Terrible things can 
happen when one speeds across space 
on a ray of light. 

After a while, the girl is 
hungry. The stars no 
longer look quite 
so bright and 
sparkly, and 
even the 
deep 

black of space seems a little greyer. Hunger, 
she knows, has this effect on carbon-
based people who are furry and have short 
attention spans such as herself. Luckily 
for her, Minsk has been around a lot, and 
notices that his passenger is beginning to 
wilt. 

He grabs her by the scruff of the neck – 
he’d read somewhere that carbon-based 
people with lots of fur and short attention 
spans carried their offspring around by 
the scruff of the neck. This is not untrue 
– many carbon-based furry people like 
wolves and cheetahs do do this exact 
thing. Humans, however, have bad scruffs 
on their necks, and tend not to like being 
carried by them, anyway. 

The girl closed her eyes and made 
a strangled noise. When she 
opened them, she was on 
what could only be 
called ground. 
It was the 
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ground  
of a small 

asteroid that 
humans call 

Mathilde. Which is 
not a bad name if you 

are a human, but sounds 
painfully like a word for 

excrement if you are an asteroid. 
So Mathilde calls herself Drompus, 

which is a fi ne asteroidal name that 
means ‘one who is passionate and rocky’. 

The girl and Minsk stood on Drompus-
Mathilde and looked around. Light shot 
past them. Minsk handed the girl some 
dust. “Eat,” he said kindly. “That’s mud!” 
said the girl, annoyed. “It is. Fine carbon 
to restore your tissues!”  Minsk said, “Plus 
some calcium and some iron. My chemical 
calculations indicate that this will make 
your – forgive me – very meagre neck scruff 
grow lustrous and happy.” 

“I don’t eat mud,” said the girl. “But it’s 
good for you!” said Minsk. “No!” the girl 
said fi rmly. “But then you will die!” said 
Minsk. “I don’t care,” said the girl. 

A carbon-
based life-form 

with no neck scruff 
and a short attention 

span might’ve noticed that 
she had tears in her eyes and 

may have deduced from this that 
she was going to cry. Such a perceptive 
life form may also have felt vaguely sorry 
about this occurrence. Minsk however 
was a blephthorium-based life form with 
an attention span of seven quadrillion 
light years and no neck at all. He was a bit 
baffl ed, honestly, by her odd behaviour. 

“How about some rock?” he said kindly, 
dusting off a small stone, since she 
appeared to hate dust so much. “NO!” 
shrieked the girl. If any glass existed on 
Drompus-Mathilde, it would’ve shattered. 
The delicate crystallised blephthorium 
pipes that served as Minsk’s eyes-cum-liver 
wobbled uncomfortably. 

“If you really, truly want to die,” said 
Minsk, “I can just drop you off the asteroid. 
It’s easy enough. Painless. As soon as you’re 
far enough away from me, I will no longer 
be able to give you oxygen. Your lungs will 
gasp a little, and then your organs will stop 
functioning and you will die.” 

The girl hung her head. “I want to go 
home,” she said. 

Minsk whistled, and the light ray came up 
to them, obedient. He grabbed the girl by 
the scruff of her neck, and the sun fl ashed 
by. 

A girl kneels on the ground next to a 
green canvas bag, amongst some pencils, 
some books, a rubber, a sharpener and 
a yellow hair band. She appears to be 
too busy breathing to notice that several 
children are sticking their heads out of the 
bus above her and laughing. 

It is impossible to travel faster than the speed of LIGHT, 
and certainly not desirable, as one’s hat keeps blowing off. 

- Woody Allen

December 2010
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TOYBOX

WHITESPINNER
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Plastic glass 
with a hole 

punched into 
its bottom

Disc made of thick white card, 
divided into 7 parts and filled in 
with the colours of the rainbow

SPIN the pencil to see the 
colours blend with one another 
and into a greyish white

Fit the 
pencil into 

the disc and 
stand it in 
the glass 

like so
As the pencil 
slows down, 
you’ll see 
this pattern

Pencil

Nothing’s perfect. Can you improve 
on this toy design? Do you have a 
better idea for a spinner? Write/draw 
out your designs and mail them to: 
brainwave@ack-media.com!

by Arvind Gupta
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GLOSSARY

p4  Buoyancy: the ability of an object to 
fl oat

Armada: a fl eet of warships

Siege: a prolonged attack

Concave: the shape that a material makes 
when it curves inwards

p6   Visual Perception: the way the brain 
understands information it receives through 
the eyes

Optical Illusion: a process in which the 
eye is tricked into seeing something that is 
different from reality

Partial Solar Eclipse: when the moon 
partially covers the view of the sun from the 
earth

p7    Pioneering: a breakthrough that is 
the fi rst of its kind

p10  Wormhole: a shortcut through space 
and time 

Promontory: a rocky mass of land, often in 
the shape of a nose, that juts out over lower-
lying land or water.

Guano: the droppings of birds, bats or 
seals, often used by humans as manure.

p16  Atom: the most basic ingredient of 
any substance

p21  Wavelength: the distance between 
the peaks of a wave

Spectrum: range

p25 Amphibious: animals that can live 
on both land and water

p26  Retina: the part of the eye where 
light that comes in falls and makes an 
image

p27  Gene Therapy: inserting genetic 
material into human cells to treat diseases

Receptors: nerve-endings in the body that 
detect stimuli like light and sound or touch

p32  Poaching: illegal hunting

p33   Crusade: a campaign or movement 
for a cause

p37  Asteroid: a celestial body that 
revolves around the sun, usually between 
the orbits of Mars and Jupiter

PAINTING WITH LIGHT
Things to do when you grow up:

Do you ever look at a photograph and 
try to fi gure out how it must have 

been taken? Have you ever caught yourself 
looking an object that was bathed in just the 
right light, and thought to yourself, “Now 
here’s a scene worth capturing”? If yes, 
photography is something you should try 
your hand at.

Umang Bhattacharya, a photographer, 
fi lmmaker and designer based in Delhi, 
believes that “everyone can be a good 
photographer.” He says, “What you need 
for it is artistic vision. Even if you don’t 
have such vision, though, you can always 
develop it with time and practice. People 
tend to believe that the ability to take good 
photographs is a God-given talent, but it 
really just comes from being interested in 
the process. The technical skills, of course, 
come through practice. 

“Photography is much easier today, with 
the availability of digital cameras. You no 
longer need a professional camera to take 
good photographs. If you’re passionate 
about photography, even a mobile phone 
camera can be your starting point.”

So grab your camera and get clicking, 
already!

Send your best photographs to: 
brainwave@ack-media.com.
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Happy new year, Good Reader!
This is when you and I are supposed to make solemn 
oaths to eat healthy, study hard, be nice to bullies and all 
that fi zzletypop. Which is perfectly fi ne, of course, but 
there’s so much more we can squeeze out of our yearly 
oath-making! Did you know, for instance, that 2011 has 
been swimmingly declared both the International Year of 
Forests and of Chemistry by the United Nations? So here’s 
an apt new resolution: let’s keep our fellow carbon-based 
lifeforms hale and happy by planting lots of trees! 

Now then. We’ve all daydreamed of fl ying (this is 
especially true during math class). While our teachers 
fi rmed their lips, raised those sneaky pieces of chalk 
in the air and took careful aim at our thick little skulls, 
we were far, far up in the sky, happily fl ying holes into 
cumulonimbi and spinning circles around startled 
seagulls and... eeeee... CRACK! “OW! @#$%&*! OWW!”

Fortunately, not all projectile chalk fi nds its mark. It 
turns out that many great scientists have been similarly 
affl icted by these number-drunk delusions of fl ying, and 
some have even managed to pull their dreams into hard 
reality. In this second issue of Brainwave, we meet some 
of these scientists and their super inventions, starting 
— appropriately — with the brilliant Leonardo Da Vinci, 
that giant among geniuses, and his ornithopter.

We’ve got many more amazing stories and articles: 
about giant clocks and gastric climbers, sparrows and 
space, pterosaurs and prestidigitators (say it three times 
fast!). There’s lots to explore, so I’ll leave you to it!

Scientifi cally,

Vinayak Varma, Editor
vinayak.varma@ack-media.com
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NUTS & DOLTS

THE LEGEND OF LAWNCHAIR LARRY

American truck driver Larry Walters 
had dreamed of fl ying for twenty 
years. Then, in the late summer of 

1982, tired of dreaming, 33-year-old Larry 
fi nally decided to act. He bought 45 large 
weather balloons, fi lled them with helium 
and attached them to his lawn chair (Larry 
named this strange aircraft Inspiration 1). He 
then put on a parachute, double-checked all 
his gear and strapped himself into his newly 
buoyant single-seater. 

Larry carried with him a Citizen's Band 
radio in case he needed to talk to anyone on 

the ground, a camera so he could attempt 
some aerial photography, and a pellet gun 
for when he wanted to come back down – 
his insane plan was to start shooting at his 
balloons, one by one, when it was time to 
descend. He also took along sandwiches and 
cold beer so he could have a little picnic in 
the sky. Thus armed, crazy Larry cut the cord 
that tied him to the ground and fl ew on up.

In no time at all, Larry's balloon-chair 
had risen to 15000 feet and started drifting 
towards the Pacifi c Ocean. People on the 
ground were amazed to see a man fl oating so 
far above them in — of all things! — a patio 

chair. Pilots of passing aircraft radioed their 
control towers to report this weird sight, 
unable to believe what they saw. 

Just as the lawn chair got near the ocean, 
Larry started shooting at his balloons. As 
he wildly shot into the air above him, the 
gun slipped out of his hands and fell to the 
ground. The lawn chair then fl ew into a set 
of power lines, causing a 20-minute blackout 
in many parts of Long Beach. Things looked 
grim, but luck had funnier plans for Larry. 
He touched down, all intact, just in time to 
be arrested by a policeman who could barely 
control his laughter at seeing airborne Larry.

For being such a nut and almost killing 
himself in pursuit of his mad fancies, 
Lawnchair Larry was awarded an honorary 
Darwin Award in 1982.
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The Darwin Award, named after Charles Darwin, 
is given to people who “do a service to Humanity 
by removing themselves from the gene pool”; 
given, in other words, to people who get killed 
while doing something really, really dumb!
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making the loop glider
by Arvind Gupta

You will need: 
A plastic straw, 
two strips 
of paper, tape 
and scissors.

Stick the ends of 
the paper strips 
together to form 
two loops.

Stick the two loops to the two 
ends of the straw with scotch 
tape or glue.

Throw the glider into 
the air with the small 
loop facing forward.

FOUR WAYS TO FLY

Watch, as the two loops 
generate ‘lift’, making 

the glider fl y a long way.

06

Flight is the process whereby things move through the air. An object fl ies when it generates lift, 
uses buoyancy, propulsive thrust or ballistic movement: 

GENERATING LIFT
Some vehicles are able to fl y because they possess wings. When these wings modify their 
angle, a difference in air pressure is created between their upper and lower surfaces. The 
upper side is a fast-moving, low air pressure surface, while the lower side has slower moving 
air with higher pressure. This difference in pressure creates an upward thrust, thereby lifting 
the vehicle. A loop glider uses this effect in a unique way — with cylindrical wings!
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Y PROPULSION
There are other vehicles, like rockets and hovercrafts, that fl y using a process called 
‘propulsion’. A rocket has engines that create a chemical reaction, which releases a powerful 
jet of hot gases. This, in turn, pushes it upwards. A hovercraft, on the other hand, has 
propellers that gently push it upwards and move it forward. To watch one in action, just follow 
the instructions below.

making the 
hover -
craft
by Arvind Gupta

You will need: 
A disused CD, a balloon, 
a plastic pipe or pen-head, 
rubberbands, glue, and 
an empty fi lm roll box.

Make a big hole 
at the bottom of 
the fi lm roll box 

(big enough to 
take the pen-

head) and a 
little hole 
in the lid.

Blow the 
balloon.

Tie the infl ated 
balloon to the 
pen-head and 

then fi x this 
structure onto to 
the fi lm roll box.

Glue the fi lm 
roll box onto the 
CD, so that they 

are connected 
through the

   lid of the box.

Just give the 
hovercraft a 

fl ick, and watch 
it whizz away!

Y
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BUOYANCY
All fl uids (water or air) exert an upward force, called buoyancy, on the objects that are 
immersed in them. As a result of this force, any object with a density lower than that of the 
fl uid will tend to fl oat. This is how hot air balloons and helium balloons can remain in the sky 
for so long. You can take a closer look at buoyancy by making your own hot air balloon.

making the 
trash bag
hot air
balloon
You will need: A large-sized 
trash bag (with a capacity of 
about 50 litres), 4 straws, 8 
birthday candles, scissors, 
scotch tape.

Attach two straws end-
to-end to make one long 
straw. Do the same with 

the other two straws. Now, 
tape these two structures 

together in the centre 
to make a cross. 

Make 
two small 
T-shaped 

cuts on 
each of 

the four 
straws. 

The cuts 
should be 

spaced 
out, but 
close to 

the centre.

Cut all the birthday 
candles in half. Fix 

the upper half of the 
candles into the cuts 

on the straws.

Make four 
equally-spaced 
holes near the 

outer edge 
of the trash 

bag. Insert the 
straws through 

these holes 
and secure the 

connection 
with a little 

bit of 
tape.

Light the 
candles 
while 
holding the 
trash bag up.

Why use a big plastic 
bag instead of a smaller 
one? Because larger bags 
can contain a lot more 
hot air, thereby creating 
greater buoyancy. If you 
use a small bag to make 
your hot air balloon, you 
will fi nd that often the 
bag either melts or it 
doesn’t lift at all.

Two important things 
that you should 
remember while doing 
this activity — 
1. Experimenting with 
fi re can get dangerous. 
Get an adult to assist you.
2. You will not get it right 
the fi rst time. We did not. 
You may not even get it 
right the sixteenth time. 
(We did not.) But when 
you see your balloon 
fi nally take to the skies 
on what may be your nth 
try, it will all be worth it!

Wait for it 
to fi ll up 
with hot 
air, and 
soon you’ll 
see your 
hot air 
balloon in 
action!
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THE 
FLAPPING 
PLANE

As with most things in science, we fi rst had to fall before 
we learned how to fl y. Centuries before the Wrights 
conquered the air, the great Leonardo Da Vinci, artist, 
scientist and thinker, invented a fantastic aircraft called 
the “ornithopter”. Da Vinci, who was always obsessed 
with the idea of defying gravity, created several plans 
for human fl ight. His ornithopter was the fi rst aircraft 
prototype with a sophisticated fl ight control system.

On August 2, 2010, Canadian Todd Reichert, an 
engineering student at the University of Toronto Institute 
for Aerospace Studies, successfully tested the Snowbird: 
the fi rst human-powered ornithopter.
It fl apped its way up to 475 feet for 19.3 seconds.
Watch a video of the fl ight at http://www.youtube.
com/user/OrnithopterProject

BALLISTICS
Flight doesn’t always have to do with vehicles though, does it? Missiles and bullets also 
‘fl y’ through the air. This is called ‘ballistic’ fl ight, and objects that fl y this way are called 
projectiles. Ballistic fl ight involves a brief phase of powered fl ight that acts as a trigger, after 
which only external forces guide the projectile forward. Read ahead if you want to create this 
powerful fl ight all on your own.

making the 
matchstick
rocket
by Rishi Balasaria

You will need: 
A binder clip, matchsticks 
and aluminium foil.

Wrap the 
aluminium foil 
around the head 
of a matchstick. 
Use more than 
one matchstick for 
a more powerful 
rocket!

Mount the 
foil-covered 
match on the 
binder clip 
like so.

Light a match, and 
touch the fl ame to 
the aluminium foil.

Give it a few 
seconds, and 
watch the 
matchstick 
rocket launch 
up in the air!
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Before the Hindenburg 
Disaster on May 
6, 1937 put an 
end to the use of 
zeppelins as air 
transport, more than 
32,000 passengers had fl own 
over 100,000 miles in German 
zeppelins without a single accident.
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What fl ies higher than 50,000 feet and 
is lighter than the average human 

adult? The Zephyr, an unmanned aerial 
surveillance craft developed by QinetiQ that 
can reach a height of 60,000 feet and weighs 
only about 50 kgs!

The Zephyr’s sophisticated solar-
powered technology eliminates the need for 
refuelling, allowing it to stay in the air for 
months at a time.

Its wings are carbon fi bre structures with 
a Mylar fi lm coated over the surface, making 
them as light as feathers. The paper-thin 
solar panels that absorb power from the 
sun are practically weightless. At night, this 
energy is stored in batteries that each weigh 
about 250 gms. The Zephyr’s T-tail design 
makes it aerodynamically stable, and boosts 
the plane’s performance.

On July 9, 2010, the newest model of the 
Zephyr took its fi rst fl ight from Arizona, 
USA. This model has already set the record 
for the longest fl ight ever undertaken by an 
unmanned aerial vehicle (or UAV), staying 
in the air for a whopping 300 hours. It has 
also fl own longer than any other aircraft 
without refuelling – clocking in 14 days. In 
the future, Zephyr will provide cheap, non-
stop surveillance to the military. It will also 
be used for disaster relief. 

Meet Captain Bharath, a pilot with a 
difference. He does not just transport 

people from place to place — he fl ies sick 
people in need of emergency medical 
assistance in his aircraft. At times of such 
emergency, Capt. Bharath pilots an ‘air 
ambulance’.

“We work with a network of doctors who 
have patients outside the city. If a doctor 
needs to bring his patient from Bombay to 
Bangalore, he’ll give me a call,” he says. 

A typical air ambulance contains a 
stretcher, doctors and medical equipment. 
“It is very much like a road ambulance”, says 
Capt. Bharath. “Except that we get priority 
landing at airports. And, of course, we don’t 
have to deal with the traffi c!”

Would you like to fl y an air ambulance like 
Capt. Bharath? Train well, and get a license!

THE ETERNAL PLANE
In the news:

FLYING AMBULANCE
Things to do when you grow up:

WHAT NOW?
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THE CURIOUS CASE OF THE 
CHICKEN AND THE EGG

by Dr. Shonali Chinnaiah / Curiouscity

Which came fi rst: the chicken or the egg? This centuries-old question has driven 
philosophers and scientists round and round  in circles, with no answer in sight. 
However, latest updates from the world of science tell us that this ancient riddle 
has been cracked. Let us poke around a bit to fi nd the answer.    

Pterosaurs lived 
approximately 150 to 
70 million years ago. 
They were the fi rst and 
largest fl ying animals 
with backbones. 

11

DNA

Biologists believe that 
the domestic chicken is 
actually a cross between 

a red and grey jungle fowl, 
since these three birds are 
comparable in terms of their 
genes, behaviour, breeding 
seasons, diet, physiology 
and egg development. So the 
modern chicken must have 
hatched from an egg that was 
made up of the sperm and 
egg of a red and a grey jungle 
fowl, along with a few genetic 
changes thrown in. 

The product of this genetic 
cocktail would have most 
likely been a tiny hatchling 
that looked a bit like both 
the red and grey jungle fowl. 
Or more precisely, like a 
modern day chicken! So that’s 
the answer to the famous 
evolutionary riddle – the egg 
had to have come fi rst; the 
chicken came after!

But let us explore 
another age-old 
mystery: Which came 
fi rst, the ‘pterosaur’ 
(the earliest vertebrate 
known to fl y) or the egg? 

At fi rst, teeny-tiny 
genetic changes 
may have led to the 

birth of a reptile which was a 
little different from its non-
fl ying reptile parents (just as 
we are a bit different from our 
parents). 

It is probable that this reptile 
may have had a longer 
pinky fi nger than its parents, 
making it a better hunter. 
Then, more changes occurred 
over time, stretching the 
pinky into a wing fl ap. This 
enabled the reptile to become 
a faster predator. As more 

time passed, a set of light, 
hollow bones rose in the 
extended pinky, allowing 
the reptile to glide. And so, 
over millions of years, more 
gradual changes, which 
helped the reptile survive, 
occurred in its eggs. Until, 
one day, this process gave 
rise to an egg that produced a 
reptile which had the ability 
to fl y! The pterosaur! So that 
solves our mystery – again, 
the egg must have come fi rst, 
and the pterosaur next!

layout and artwork: Prabha Mallya / Pencil Sauce
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PULP SCIENCE story and artwork by Sunando Chakraborty
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COVER STORY

ULTIMATE 

FLYING 
MACHINES

In which we tell 
you how to fl y with 
wingsuits, jet packs 

and other gravity-
defying tech!

by Rajita Gadagkar

Not being able to fl y has always been a bit of a 
sore spot with us humans. Over the centuries, 
some stubborn individuals refused to accept 

this harsh reality and tried to take off into the skies 
despite grave warnings of how disastrously it might 
end. Quite predictably, the history of attempted 
human fl ight is full of broken bones, embarrassing 
falls, sore bums and more than a few nasty deaths. 
But such is the madness of wanting to soar and swoop 
like birds, that people have tried the darnedest things 
in a desperate bid to fl y. Like the sprightly monk 
Eilmer of Malmesbury who launched himself from 
a tower with a glider-like contraption in 950 BCE. 
Or  the adventurous English boy, John Williams, who 
jumped off the walls of Conway in 1693 to see where 
the wind would take him. (Not far, of course.) 

But before you dismiss these fl ying attempts as 
crazy mistakes, and conclude that it is impossible 
for human beings to fl y – think again. Ladies and 
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gents, the latest newsfl ash is that we can fl y 
– with a little help from some super freaky 
fl ying machines. We present our pick of the 
coolest fl ying techniques out there – real and 
imagined, present and futuristic!   

     FLYING MACHINE I: WINGSUITS

Wingsuit fl iers make sky diving look boring. 
This ultimate adventure sport lets you spread 
your limbs and glide through the air just 
like a bird! Simply by putting on a special 
jumpsuit known as the ‘wingsuit’,  a.k.a the 
‘bird man suit’. Wingsuit jumpers leap off 
cliffs, jump from airplanes and dive down 
any high altitude surface they can fi nd. Once 
airborne, the winged-fl iers turn into aerial 
acrobats. They fl oat, fl ip and fl y with glee 
till they eventually pull open an attached 
parachute and drift to a safe landing. What’s 
the big deal about this wingsuit? It is a one-
piece garment with web-like wings made of 
parachute material. When these wings fi ll up 
with air, the entire body starts to function like 
one big wing, letting the fl ier glide through 
the air pretty effortlessly. Basically, the suit 
slows down the swiftness with which the 
fl ier descends towards the earth’s surface. 
While skydivers plunge towards the earth at 
an approximate rate of 193 kmph, wingsuit 
fl iers typically plummet at a much slower rate 
of 97 kmph. What makes the wingsuit really, 
really cool is that it lets you fl y horizontally 
at high speeds (up to 145 kmph) and for long 
distances (the current world record is 4.3 
miles).

 

      FLYING MACHINE II: JET PACKS

Move over Boeing, jet packs are here! You can 
lift off into the air with a pair of these babies 
strapped to your back, just like Superman. 
The technology is straightforward – this 
fl ying machine uses jets of fast-escaping 
gases or liquid to propel you into the sky. 
The current crop of commercially available 
jet packs like the T73 fl y for a maximum of 9 
minutes and reach a height of around 250 feet 
from the ground. But a few clever inventors 
are working hard to take this technology to 
the next level. Like Swiss pilot Yves Rossy, 
nicknamed ‘Rocketman’, who has developed 
a winged fl ight suit powered by four jet 
engines. With this contraption, he can fl y at 
a speed of 200mph after leaping off a plane. 
A parachute attached to the wing ensures a 
safe landing. Incidentally, Rossy’s jet pack has 
an eight-foot wingspan and costs $200,000. 
Another 007-style-strap-on jet pack, the 
Gryphon, is being developed for military use. 
This ‘single-man fl ying wing’ (which weighs 
66 kg!) is expected to carry a paratrooper for 
110 miles after he jumps out of an airplane at 
33,000 feet. 

TRIVIA: A safe and easy-to-
use wingsuit was created by 
Jari Kuosma of Finland and 
Robert Pečnik of Croatia in 
1999. 
WARNING: Wingsuit 
fl ying is only attempted by 
professionally certifi ed sky 
divers. Do not try this at 
home!
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     FLYING MACHINE III: NASA’S PERSONAL

AIRCRAFT – THE PUFFIN

This dream-come-true flying machine 
will put an end to all our traffi c woes. The 
National American Space Agency (NASA) is
working on a rather cute-looking personal 
fl ight vehicle called the ‘Puffi n’. This is not 
just any ordinary fl ying machine – it is a 
one-person aircraft that will take off like 
a helicopter and fly like a plane. It will be
built for a single person who will be both 
pilot and passenger. The Puffi n does look
a bit odd as it stands on its tail when on 
the ground. But as soon as it takes off, it 
transitions to horizontal fl ight and vrooms 
through the air at 140 miles per hour. And if 
you’re in a rush, it can hit up to 300 miles

per hour in a special ‘boost mode’.  The icing 
on the cake is that the Puffi n is electric, has 
no emissions and is hence eco-friendly. It 
is pretty lightweight at about 400 pounds, 
works on lithium phosphate batteries, 
will be able to fl y 50 miles on full-charge,
and climb as high as 30,000 feet. Although 
the Puffi n (named after a solitary Atlantic 
seabird) is not yet ready for use, a smaller-
sized model version may be tested soon by 
the scientists at NASA.  

      FLYING MACHINE IV: USE YOUR 

IMAGINATION!

There are a zillion ways to make our fl ying
fantasies real in the future. Personal Air 
Vehicles (PAVs), sky buses, fl ying cars – the 
possibilities are many. The distant future
will see scientists using biomimetics or 

TRIVIA: Germany experimented 
with an early version of the jet 
pack, called the ‘Himmelstormer’ 
or ‘Skystormer’. No one knows 
what became of the device they 
tested.  

TRIVIA: Watch the Puffi n in action at 
this video link: www.youtube.com/
watch?v=w2mmx71DqfQ
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g technology that imitates nature to power
fl ight. For instance, we will be able to design 
machines that mimic the fl ight of the fastest 
birds. There could be other incredulous
inventions – like fl ying carpets, sophisticated 
hovercrafts and levitating vehicles! 
What is your fantasy fl ying machine? Will it 
have wings, blades, chutes or gravity-defying
devices? Send your maddest ideas for a fl ying y g
machine to brainwave@ack-media.cwave@ack-media.com. We’ll 
publishpublish the most inventive ones.

TRIVIA: Watch some kid trying 
out his new anti-grav boots here: 
http://www.youtube.com/
watch?v=J74TJauk5p4

Psst! If all else fails, get yourself a pair of 
anti-gravity boots (you can search for and 
buy them online). You don’t need pots of 
money, jet fuel or special training to go 
boing-boinging on this unusual footwear. 
Just strap them onto your feet and go 
springing off the ground. Note: These boots 
are suitable for kids over 14 years of age only. 
They can also lead to injuries, so be careful 
and look before you leap!
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Mission Moon chronicles the story of Chandrayaan 1, India’s fi rst unmanned lunar 
probe, which was launched in October 2008. 

“The moon is not like our planet Earth,” writes SK Das in his book. “People have 
never lived there and yet they have dreamt about it for centuries”. 

He narrates the story of one such person, Madhavan Nair, whose grandmother would 
promise to get him the moon if he would eat everything that was on his plate. Nair grew 
up with the dream intact and, in 2003, he became the chief of the Indian Space Research 
Organisation (ISRO). The ‘Moonman’ later became one of the key people instrumental in 
launching the Chandrayaan. 

For those bitten by the astronomy bug, there is plenty to discover in this book. Hidden 
among its pages are facts about the moon, and the myths and legends that surround it. The 
book also explains the science of moon exploration and what it takes to launch a mission to 
this celestial body. 

Das manages to recreate the fascinating journey of Chandrayaan 1, peppering it with facts 
and anecdotes. However, the book feels a bit text book-like, despite the illustrations and 
photographs. After all, we have already seen books like George’s Secret Key to the Universe 
by Lucy and Stephen Hawking, which manages to integrate facts about outer space with a 
fun narrative about a super computer and two best friends. 

Yet, Mission Moon is a great addition to the school or home library. Go on, get a bit moony! 

by  Aliya Mistry
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Mission Moon: Exploring the Moon with Chandrayaan 1
Author:  SK Das
Price: Rs 175
Publisher: Puffi n
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I.Q.
H15750N310O6500C2250Ca63P48K15S15Na10Cl6Mg3Fe1

If something we are very familiar with were broken down into its constituent atoms, this is 
the empirical chemical formula we would arrive at. Can you identify the thing?

The two common bacteria present in this substance are the golden-yellow coloured 
Staphylococcus aureus and the blue coloured Pseudomonas pyocyanea. This is a possible 

explanation for its colour. What are we referring to?

Here are a couple of extracts 
from Gulliver’s Travels: 
“Wonderful kind of 
engine…a globe, half 
silver and half of some 
transparent metal.”
“He seldom did anything 
without consulting it: he 
called it his oracle …”
What are the Lilliputians 
describing here, something 
they believe is the god that 
Gulliver worships?

Saul Bellow is an author who won the Nobel Prize in Literature in 1976 and is known to 
possess strong opinions on many everyday objects. Here is one of them – “It permits us to 
jump back and forth, mix up beginnings, middles and ends. Nothing happens in any sort of 
order… Distraction catches us all in the end and makes mental mincemeat of us.” 
What invention, originally called ‘Lazy Bones’, is old Saul bellowing about?

The discovery of which element is being 
depicted in this Joseph Wright painting? 

If it helps, the bearded chap is named 
Hennig Brand.

Email your answers to 
brainwave@ack-media.com. 
The fi rst three entries with 

all correct answers will win 
cool goodies!

Questions by Thejaswi Udupa
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BASICS
Gravity is the force that holds you to the 
ground and keeps you from fl ying off into 
the air. But how was it discovered? Where 
is it present? And, can we defy it? Presenting 
the story of gravity in three parts:

It all began when an apple fell on 

scientist Isaac Newton’s head

It was a pleasant summer afternoon in 
1666. A young bloke named Isaac Newton 
was reading a book under an apple tree, 
in an apple orchard, in the English village 
of Woolsthorpe. Suddenly, a ripe apple fell 
on his head. Any average Joe would have 
gleefully polished off the unexpected 
apple snack without a thought, but not 
young Isaac. He, instead, had a fl ash of 
insight about gravity! 

The falling apple got Newton wondering 
about what had caused the fruit to drop 
in the fi rst place. He fi gured out that it 
fell from the tree because the earth had 
attracted it, and he called this attractive 
force ‘gravitation’. The big deal about 
Newton’s discovery was that he 
realised that the attraction was 
not confi ned to the apple and 
the earth alone, but existed 
between any two objects in 
the universe. So according 

to Newton, an ant on the earth and a star 
in the sky attract each other with the same 
force. The pull of gravity can be felt pretty 
much everywhere!

A lot of things made sense after 

Newton figured out why the apple fell.

Before Newton explained the science of 
gravitation, scientists had been puzzled 
by the motion of planets in the sky. For 
centuries, astronomers had been observing 
stars and planets, looking for patterns in 
their motion. In the early 1600s, a German 

More on the apple tree

• In May 2010, the space 
shuttle Atlantis took off 
from the Kennedy Space 
Centre with an interesting 
piece of cargo on board.  
It was a four-inch piece 
of wood from Newton’s 
famous apple tree!

• Three saplings grafted from 
the same apple tree are also 
planted in the gardens of the 
Inter-University Centre for 
Astrophysics and Astronomy 
in Pune!
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WHY GRAVITY SUCKS
Explaining the big truths about the

grave and mighty G-force

by Dr. Sukanya Sinha / Curiouscity
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astronomer Johannes Kepler realised 
that planets moved in elliptical orbits. But 
why they moved in precise ellipses was a 
mystery. Newton’s law of gravitation fi nally 
explained how the gravitational pull of the 
sun made planets move in elliptical paths 
around it. It was a great mystery solved.

Having toured the solar system, let us 
get back to Earth for a bit and head to 
the beach. Most of you have been to the 
seaside and have had a really fun time 
frolicking in the waves. Some of you might 
have noticed a signboard on the beach 
warning you not to get into the water 
during high tide. (As this is when the 
waves become huge and dangerous.) Well, 
it turns out that the same law of gravitation 
that predicts the motion of planets also 
predicts the exact times of high tides and 

low tides. It also helps us understand what 
causes them. The tides are nothing but the 
attractive gravitational force of the moon 
acting on the huge mass of ocean water. 
Isn’t that awesome?
 
We know Newton was right, because 
the tides come in exactly at the times 
predicted by his law, and the waves rise to 
the height predicted by him. So the next 
time you visit the beach, thank Newton for 
keeping you safe by telling you when to 
stay out of the water!

The story now switches gears from 

Newton to Olympic high jumpers.

Now that we know that we are bound to 
the earth by its gravitational pull, you 
might wonder whether it is possible to 
escape from it! We can temporarily break 
free by jumping up. But even an Olympic 
record-holding high jumper can jump just 
about eight feet above the earth before 
gravity wins the tug-of-war and pulls him 
down again. At what speed must you jump 

up so that you win over the earth’s pull 
and never return to its surface again? 

The answer is a whopping 40,000 
km/hr! Our best Olympic record 

holder can max a measly 25 
km/hr. No wonder then, that 

we do not stand a chance 
against gravity’s mighty 
pull!  

The story of gravitation 
began with Newton, but 
new twists in the tale 
appeared two hundred 
years later. It took the 

genius of Einstein to 
untangle the knots and 

take forward its exciting 
story. And there are still 

many, many surprises waiting 
to be revealed.

S

gn
January 2011
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Magic has touched human 
civilisation for centuries, and its 
infl uence has been felt through 

countless myths, legends and folklores. Be it 
epics like the Ramayana and Mahabharata, 
fairy tales like Aladdin or Cinderella, or 
more recent literary rages such as the 
Harry Potter and Artemis Fowl series – our 
fascination for magic is unlimited.

The fi rst documented magic show was 

performed in 2500 BC, when magician Dedi 
entertained the Egyptian emperor Cheops. 
The emperor was apparently so impressed 
that he called for an encore as Dedi fi rst 
decapitated a goose, then a pelican, and 
fi nally an ox – and each time joined the 
heads back, making them alive and well 
again! However, it was not until the 1820s 
that modern stage magic came to life 
with the coming of French magician Jean 
Eugène Robert-Houdin. Considered the 
father of modern magic, Robert-Houdin’s 
words, “the magician is an actor playing the 
role of a magician,” is still an inspiration to 
all magicians. 

Magicians today perform much more 
than the ‘smoke and mirror’ illusions that 
their predecessors did. They can produce, 
levitate and vanish coins, cards, or even 
people right under our watchful eyes. 
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Here is an artist’s rendition of Dedi doing family-friendly illusions (because we 
couldn’t stomach the thought of wildlife being beheaded)

artwork: Rajiv Eipe

How 
to spell
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Insider’s Tip:
Remember! The 
secret of magic 

is in keeping 
the secret. 

And practising 
the effect 

well – really 
well – before 
performing it 

for an audience.

Materials: 
A pack of playing cards

The Trick: 
The magician shows three playing cards 
– two black aces and an ace of diamonds. 
Putting them face-down on top of the rest 
of the deck, each card is separately inserted 
into different parts of the deck. One magical 
wave of the hand, and the ace of diamonds 
vanishes from the pack of cards and appears 
in the magician’s pocket!

The Secret: 
Remove all four aces from the pack. Put the 
ace of diamonds into your pocket. Now turn 
the ace of hearts upside down and, along 
with the two black aces, arrange the cards 
into a fan (see image). You are now ready to 
perform magic! 

the 
secret!
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The Broken Heart
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Sometimes trains, buildings and spaceships 
also disappear with a mere wave of the 
magic wand! It seems like these illusionists 
can perform the impossible and make us 
believe in their ‘magical powers’. 

But the magician’s secret is that he uses 
the various laws of science to create a 
unique set of tools and techniques that 
can fool even the best scientists. The 
success of this depends on the magician’s 
hush-hush ingredient – misdirection – the 
art of directing the audience’s attention 
elsewhere, to hide his stealthy moves!

The secrets of magic are, in fact, closely-
guarded among its practitioners, and 
protected by the ‘Magician’s Code’. This 
is because the entertainment value lies 
in the surprise element and the mystery 
of how a magic trick is performed. As the 

legendary comic book character Mandrake 
the Magician (created by Lee Falk) would 
famously say, “Magicians never tell a 
secret”.

Being at the forefront of scientifi c and 
technological innovations, magicians have 
also made big contributions to society. 
For example, French magician George 
Méliès was the fi rst to use special effects in 
cinema in his fi lm A Trip to the Moon, while 
British magician Jasper Maskelene used his 
magical skills to hide the Allied military 
forces from the German airplanes in World 
War II!

This column will present different aspects 
of magic, and teach you magic tricks that 
you can learn and perform. Magicians call 
this ‘the science of magic’. So go get your 
magic wands ready!

illusion

January 2011
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A WALK UP THE 
COCONUT 
TREE
by Aparna Kapur

If you take a trip to the south Indian 
countryside, you will notice acres and acres of 
coconut trees all around you. Towering over 
everything else, these skyscraper-like trees 
magnify the beauty of the landscape. However, 
this same towering quality also makes it hard 
for us to pluck the coconut fruit, used for its oil, 
water, pulp, fi bre and shell. So how do we get 
this very useful fruit to make its way down 
from its home up in the tree?

Over time, people have 
come up with 
unusual solutions to 

get around this problem. 
Some agile individuals 
picked up the skill of 
climbing up these impossibly 
tall trees and retrieving the 
fruit. They came to be 
known as ‘climbers’, and 
were present in every 
village and town. With time, 
however, these climbers 
began to opt for more 
lucrative jobs, and the 
average number of coconut 
climbers dropped drastically. 

The need arose for a more 
convenient and long-
lasting solution, which 
eventually came from two 
bright farmers in Kerala. MJ 
Joseph Appachan’s family 
had been in the coconut 
farming business for 
generations. This innovative 
farmer thought ahead of his 
time and foresaw the 
shortage of coconut climbers. 
In 1984, Appachan, along 
with his 20-year-old son (also
called Joseph), imagined 
a machine that could 
make tree-climbing
easy and self-suffi cient.
Together, Appachan Senior 

and Junior patented their 
unique invention – 
the ‘coconut tree 
climbing device’. 
Over time, this father-son duo 
managed to turn this 
invention into a 
full-fl edged 
product. 

Appachan’s son further 
patented many 
modifi cations to 
the device. With 
support from organisations 
like the Karnataka 
Agricultural University and 
the National Innovation 
Foundation, the tree-climbing 
contraption has become 
hugely popular in villages 
across south India. Gone are 
the days of arduous climbing, 
you can now practically walk 
up a coconut tree!

The coconut tree climbing 
device allows the climber 
to scale up the tree easily, 
using false metal ‘limbs’ 
– much in the same way 
a monkey climbs a tree. 
Apart from reducing 
the climbing time and 
the effort required, the 
device is also safe, cost-
effective and convenient!
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EUREKA!
Solution to Cross-Connection, Issue 1: ‘Spot Light’ (See Brainwave Issue 1, page 24)
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THE GREAT SWITCHEROO
by Dr. Bala ji Sampath & Dr. A. Ravishankar

NUMBER THEORY

This puzzle is based on true events that happened at a boisterous girls hostel in the 
coastal city of Mangalore. This college hostel accommodates 100 students in a 100 rooms. 
Being an old, rickety building, the light bulb in each room can be fl ipped off and on 
through a common switchboard in the hostel’s lobby. One rainy evening, when there was 
nothing much to do, the girls at the hostel decided to get inventive and make up their 
own game. Can you fi nd the solution to the puzzle the girls created?
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Imagine that the vertebrae in your back 
are the coils of a giant spring. Typically, 
gravity pushes down on  this spring and 

keeps it coiled tightly. When this force is 
released, the spring stretches out. This is 
pretty much what happens in space. When 
astronauts get into orbit, the weightlessness 
of space decompresses or uncoils the spine.

There are two kinds of changes visible in 
an astronaut’s height in space. The fi rst 
stretch is immediate and visible as soon as 
the space shuttle goes into orbit, when most 
of the elongation takes place. The second 
change is slower and occurs in smaller 
degrees with a gradual relaxation of the  
spine. However, this stretching 
eventually stops. So if astronauts were to 
stay in space forever, they would not 
grow eternally.

Data about the way human spines behave 
in space was fi rst gathered 20 years ago, 
when six astronauts were observed in orbit. 
All six of them showed an almost three 
percent growth in height. However, their 
spines returned to their normal curvature 
as soon as the astronauts hit regular gravity 
zone. They returned to their regular size 
within 10 days on earth. So those of you who 
dream of being astronauts can take comfort 
in the fact that you will not have to change 
your wardrobe after you return from each 
mission!

SPINELESS 
IN SPACE
by Dr. Jandeep Banga 

/ Curiouscity
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Is there any way we 
can grow taller after we 
have achieved our full 
and maximum height? 
Yes, there is! 
Go to space in a 
no-gravity environment 
and stay there for a while! 

Did you know that 
astronauts are up to 
2 to 3 inches taller while 
they are in space? 

Let’s fi gure out why 
this happens.

Does all this spine-curling stuff 
sound too far-fetched? Do you 
want proof of the above? 

Try measuring your own height 
at the beginning and the end of 
the day and you will notice that 
you lose close to an inch during 
the day. Why? Gravity compresses 
your spine during the day. At 
night, when you are lying down, 
the compression reverses itself 
until you wake up the next day. 
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LIFE SCIENCE
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DOWNSIDE-UP WORLD

But no matter how much
fun you think you might 
be having in your new-
found body, you quickly 
become dazed and confused
by zero-gravity. With no
‘up’ or ‘down’ to relate to,
you cannot feel the fl oor 
under your feet, or the 
chair you are sitting on.
Sight, hearing and touch
signals in the environment
of space do not match the 
ones you receive on earth.
All this disorientation leads 
astronauts to experience
‘space motion sickness’.
They get headaches, lose
their appetites, feel queasy
and generally fi nd it hard to 
work effi ciently. Fortunately 
for them, space motion
sickness disappears after
the fi rst few days in space.

There are bigger side effects
of weightlessness than mere
motion sickness. On the
earth, our muscles are used 
to fi ghting gravity to get
work done. But in a zero-g
environment where you can 
lift an entire person with the

tip of your pinky, the body 
perceives that it need not
have strong muscles. So
unfortunately, our muscles
start losing mass and
strength. The muscles in ourrrrrrrrrrrrrr
calves and spine, which helpppppppp
maintain posture, tend to
lose their strength the most. 

ZERO-GRAVITY GETS GORY

Our blood feels gravity 
too. When we stand on 
the earth’s surface, the
blood pressure tends to 
be high in the feet and
lower in the brain. But 
this difference vanishes in
space, where the pressure
is uniform. Lower than
normal blood pressure in
the legs makes them thin, 
and higher than normal
pressure in the brain makes 
our faces puffed up. Also,
when the blood pressure
between the brain and feet
changes, the body sends out 
erroneous alarm signals
that it has too much blood.
Astronauts can lose a large
amount of blood volume due
to this.

GrGrGrGrGravavavvaa ititititttty y y y dododododod esesesssess hhhhhhhururruruuru ttt.tt.t.t.tt BBBBBBBBBBBButuuututuuut aaaaaaaa
lalaalalackckckckckck ooooof fffff grgrgrgrgrravavavavavvavavitiitiititiitiiii y y y yyy yyyy hhuhuhuhuuh rtrtrtrtrtrrrrtrrrrrrr s ss ss ss totototototototootototoo.oo.o.o.o.oo.o.o.oo.o
WhWhWhWhWhW enenenenenn aaaaaststststttrorororoorrroronananaanannnann ututututtututuutsssssssss rererererereereererer tututututututtutut rnrnrnrnrnrnnrnrnnn
frfrfrfrrfrfrfrf omomomomom lllllonononononnggggg stststsssttinininintstststs iiiiiin n nnnn nnnnn nnnnn spspspspspspspspspssssspacacacacacacaccaace,e,e,e,e,e,e,
ththththththhhththheyeeeeeeeeeeeyeyeyeyeeeeeeeye ssssomomomomomommmeteteetetetetimimimimimimmmeseseeseseseseses nnnnnnnnnnnnnnneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee d d d d d d ddddd tototototooootott bbbbbbbbbbeeeeeeee
cacacacacacc rrrrrrrrrrrrrr ieieieieieied d d ddd awawawawawawawayayayayayayy iiiiiiin n n n n nnn sstststttstststttttttttstttttttsttstrrrrererererererererrrrrrerrretctcttctctctcttctctctcct hehehehehehehhehhheheeeeeeerrrrrrsrrrrrrr . 
LiLiLiLiLiiLifefefeefefefeffe wwwwwwwwwwwwwwitititititiii hohohohohohooututututututututuutt ggggggggrarararaarararraviviviviviviviviviviviviviviviviiviiiiiviiviivivivivitytyttytytytytytytytytyttyttytytytyttytyytyty iiiiiiiiis ss s s s zezezezezzzezezeeeeezezezezeezeezzzzezezzezeezzzzzzzzzez ro-
fufuffufufufufufun n n n nnn afafafafafafafafafa teteteteteteter r r rrrrr alalalalalalalalaa l!l!ll!l!ll!l!l

THE ZERO-GRAVITY LIFE
Gravity hurts! We feel its heavy pull, for instance, when we 
walk uphill with a heavy backpack. But the familiar tug of 
gravity disappears when we travel to space. Strange things 
happen to the human body when in space. In this free-
fl oating world, you become an instant acrobat. Your feet 
rise from the fl oor, you can fl ip, somersault, walk along 
walls and balance bulky objects on the tip of your fi nger.  
Welcome to the weightless world of space! 
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by Chaitanya Krishnanb

DIY
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EXTINCTION

Once upon a not-so-long time 
ago a fawn-coloured species of 
wild mountain goat grazed in 

the Pyrenees mountains (a range at the 
edge of France and Spain). This graceful 
creature with perfectly curved horns, 
called the Pyrenean ibex, minded its own 
business as it foraged for herbs in the 
Basque countryside – until it caught the 
eye of a bored European gentry whose 
favourite pastime was hunting. Under 
human attack, the ibex, also known as 
‘bucardo’, disappeared in large numbers. 

On Jan 6, 2000, the last remaining 
bucardo, Celia, died in a mysterious 
accident, making this sub-species fully 
extinct. But this was not the real end. The 
Pyrenean ibex became ‘un-extinct’ for a 
short period of seven minutes in January 
2000. Spanish scientists used the DNA 
from preserved skin samples of Celia and 
injected this material into the eggs of a 
domestic goat. The result was the clone of 
a living female Pyrenean ibex! 

Unfortunately, the miracle lasted for just 
a few minutes, as the newborn kid died 
shortly after her birth.

This cloning experiment, however, has 
thrown open a world of possibilities. It is 
hoped that several extinct and about-to-
get extinct species can be brought back to 
life from their frozen tissue, sometime in 
the future. 

Who knows – this technology may also 
allow us to reproduce long-gone creatures 
like dodos, woolly mammoths and even 
dinosaurs!

The last Pyrenean ibex was 
spotted in 2000, after which 
these mountain goats have 
been declared extinct. 

BACK TO THE FUTURE
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by Aparna Kapur

Do you remember the little brown 
birds that chirped joyfully and 
hopped all around — the house 

sparrows? You have been lucky, because 
many of your younger friends or siblings 
may have trouble recognising them: their 
numbers in India have severely reduced.

The story of the house sparrow is an 
ironic one. It originated in the Middle 
East, but man took this species of bird to 
all corners of the world. And being such 

an adaptable little bird, it fl ourished 
everywhere it went. 

But then the house sparrows got a bit too 
comfortable. They began to multiply at a 
fast rate. They ate seeds from the fi elds, 
made nests in buildings and homes, became 
a threat to other birds and a ‘pest’ to people. 
The same sparrow lovers who doted on 
them earlier now destroyed their nests and 
killed them. Worse, signals from mobile 
towers and microwave radiation caused 
new and dangerous diseases for this species 
of sparrows. 

Today, house sparrows in India are 
nearing extinction, and fast. Unless we 
make a change. Read the blue box below to 
discover how you can do your bit to bring 
the cute little house sparrow back to your 
neighbourhood.

COUNTING 
SPARROWS

photo: Asif Akbar 37

The conservation organisation Nature 
Forever Society offers the rare opportunity 
to adopt very affordable nest boxes and 
feeders, especially made for sparrows. You 
can give house sparrows a cosy home by 
entering your name and address on the 
Nature Forever website (see below) — and 
a nest box made of recycled pine heartwood 
will be delivered at your doorstep. Put it 
up and you have your very own sparrow 
reserve! Remember to make sure your nest 

box is not painted with unsafe paints. Also, 
keep it out of the reach of cats. If there are 
no sparrows around your home, you could 
adopt nest boxes made for a number of other 
birds, including mynahs, Indian robins, 
rose-ringed parakeets and barn owls.

To adopt a nest box, just call Mohammed E 
Dilawar on 09420001820. For more information, 
log onto www.natureforever.org  or 
www.worldhousesparrowday.org

January 2011
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SF

I 
had woken at the exact same time 
in the morning each morning. And 
I always went to sleep exactly at 
midnight. This might be because 
I have always believed in a deep 

philosophy of discipline and focus in all 
aspects of my life. Or it might be because I 
never turned off or changed the time on my 
alarm clock.

This is not just an alarm clock. I found it 
in the house when I fi rst moved in. It’s the 
size of a medium-sized dog, and weighs as 
much. It served as a bedside table, even if 
its roundness meant nothing could ever be 
kept on it. But I reasoned that the only thing 
I would keep on a bedside table is an alarm 
clock, and since this was an alarm clock, it 
wasn’t a waste of space. 

The face of the clock was set into the 
wood, and practically could be seen only if 
my eyes were in my knees. Looking at the 
time when in bed wasn’t an option, unless 
I hung half off the bed, risking my neck. It 
had two big brass bells on either side of the 
face, which made it look so much like a dog 
that I wanted to pet it. 

The clock was too old to run on batteries, 
and too heavy to move to see if it had a 
wind-up mechanism, but it always kept 
proper time. It had its hour and minute 
hands, and a seconds hand that made a 
ticking sound as it went around, and a 
little alarm hand that was set to the time I 
usually woke up. As it was on a repeat cycle, 
I never bothered touching it. 

The alarm itself had only one gong, one 
solid gong that reverberated for an age, 
before settling into silence. And without 
fail, it woke me as soon as it struck that 
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The Alarming C
“And without fail, 

it woke me as soon 
as it struck that 

lone gong (which 
sounded more like a 
‘brrrONNng’). It also 
woke anyone else 
sleeping in the house, 
no matter which room 
they were in. 
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lone gong (which sounded more like a 
‘brrrONNng’). It also woke anyone else 
sleeping in the house, no matter which 
room they were in. It was a wonderful clock. 
Was. Then one day I tried to stop its alarm, 
and everything changed.

The reason doesn’t matter now. I don’t 
even remember it. Maybe one day I wanted 
to sleep in. Maybe one day I wanted to wake 
up earlier for some reason. I don’t know. It 
was probably a whim. I reached behind the 
little space between its back and the wall, 
and groped for any screws. I found one and 
tried to twist it. 

It was wound too tight. I tried harder, and 
it seemed to budge a little. But there was no 
change on the clock face. I tried still harder, 
and it came loose at my touch, spinning 

some turns before stopping, immoveable 
once again. But the little alarm hand on the 
clock face had hardly shifted. I shrugged 
and went to sleep. Maybe it would ring, 
maybe it would not. 

The next day, I woke when the alarm went 
off. It seemed to have sounded a little later 
than usual, if only by a second or two. I 
almost didn’t notice it. I went to work, came 
back and went to sleep. The next day — and 
this time I grew surer of the shift — the 
alarm woke me a few seconds later still. 
The day after that, it was a little later than 
the previous morning. Soon it was further 
enough in time to be really noticeable. I 
was waking a whole half an hour later than 
I used to, for no reason other than that my 
alarm did not go off. 

I tried sleeping in other rooms. I tried 
sleeping in other apartments in the same 
building. I even went to other parts of the 
city and country. I bought new alarm clocks 
– two, three, four of them – all set for when 
I wanted to wake. But none of them rang. 
I woke only when the alarm clock gonged, 
and it was getting later and later with each 
passing day and week. 

I tried staying awake, but it was of no use. 
If I went to sleep before its set time, I’d sleep 
for only an hour, or even ten odd minutes. If 
I went to sleep after the alarm sounded, I’d 
sleep almost an entire day, and wake twenty 
three or so hours late. 

But now, I’m going to attempt sleeping at 
the exact point in time that it gongs. I expect 
to wake up a day later. At best, I’ll break the 
cycle; at worst, I’ll keep sleeping forever. 

Only time will tell. Good night to you. 

g Clock story by Varun Rajiv

artwork by Rajiv Eipe

January 2011
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When Brinda was a 
little worm, living in 
Suresh’s small 
intestine, her 
grandmother used 
to tell her stories 
of the legendary 
Brain, the high, far 
place all tapeworms 
aspired to go to. 
Now older, Brinda 
still lives in Suresh’s 
small intestine, and 
still dreams of his 
brain. But she is no 
idle dreamer.

At last, her work 
was done. And 
Brinda went UP !

Brinda’s upward 
mobility was having 
some consequences.

Brinda didn’t realise 
that if Suresh couldn’t 
breathe, he’d die, and 
so would his intestines, 
his brain, and Brinda 
herself.

luckily:

Brinda was back in the small intestine …

… and Suresh found 
himself suddenly very 
full              of hot air.

   watch 
out, 

riff-raff!   

   Move, 
you 

stoopid 
balloon!

script by 
shalini srinivasan
art by 
prabha mallya
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GLOSSARY

p04  Pellet gun: a low power air pistol

Patio: A paved outside area, adjoining a 
house, used for dining or recreation.

p08  Density: the measure of the amount 
of matter in one unit of volume

p09  Prototype: an initial model

Zeppelin: a large German cylindrical 
airship

p10  Surveillance: continuous monitoring 
and observation 

Aerodynamically: relating to the 
movement of an object in air 

p11   Physiology: the science of the 
functioning of living organisms

Sperm: the reproductive cell of the male

Cocktail: a mixture of substances

Vertebrate: an animal that possesses a 
backbone

Predator: an animal that hunts and kills 
other organisms for food

p13  Albatross: Any of various large 
seabirds of the family Diomedeidae ranging 
widely in the Southern Ocean and the North 
Pacifi c and having a hooked beak and long 
narrow wings

p14  Sprightly: lively and energetic

Contraption: A mechanical device of any 
sort, especially one that is complicated

p15 Plunge: the act of pitching or 
throwing one’s self headlong or violently 
forward

p16  Transitions: changes its form or state

Biomimetics: creation of technology based 
on the structure and action of living things

p17  Incredulous: skeptical, disbelieving, 
or unable to believe

p18  Chronicle: to historically record

Anecdote: a short account of an incident

p22  Insight: power of acute observation 
and deduction

p23  Elliptical: a circle that tapers 
equally towards two opposite ends

Frolicking: being playful

p24  Rendition: an interpretation

Encore: a repetition of a performance

Decapitate: to remove the head of

Levitate: rise into the air

p26  Agile: quick and light in movement

Lucrative: Profi table

Patented: successfully registered an 
invention with a government agency

Arduous: diffi cult

p31  Boisterous: energetic

p33  Queasy: nauseous or uneasy

Erroneous: inaccurate

Stint: a period of time

p36  To Forage: to search for and gather 
food for animals, particularly cattle and 
horses.
Gentry: people of a high social class

Mammoth: a large, hairy, extinct 
elephant-like mammal

p38  Reverberated: echoed

p39  Whim: a fanciful impulse
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Email your entries, with ‘fly, piggy, fly!’ in the 

subject line, to brainwave@ack-media.com by 

02/02/11. Three winners will get goodie bags! 
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THIS

FLY USING 

5 COMMONLY 

AVAILABLE 

OBJECTS?
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Dear Reader,
Before the Gregorian calendar came in with its funny 
Latin names for the months of the year, the Old English 
word for February used to be ‘Kale-monath’, named after 
a kind of cabbage. The old English were strange that way. 
In a stranger coincidence (or is it?), we’ve dedicated our 
February issue of Brainwave to that most cabbagey of 
organs and the generator of our namesake, the brain.

But February contains several other coincidences 
(or are they? Hmm?). There’s Valentine’s Day on the 
14th (14 is also the atomic number of silicon, which 
semiconductors are made of), when the idea of love fries 
all our circuits. Soon after, the World Cup begins on the 
19th (19 is also the atomic number of potassium, without 
which our neurons wouldn’t fi re), when we all go mad 
over cricket. And February is when your poor parents 
start fretting over their taxes (taxes have no atomic 
number, and it isn’t for want of trying). 

Do you see a pattern in all this? You will, if you think 
hard enough. Calendars, cabbage, love, circuits, cricket, 
nerves, madness and taxes — all these are concepts and 
emotions that originate in the brain. It’s no coincidence 
that it takes a brain like ours, intricately wired as it is, 
to make intelligible patterns out of such varied ideas. Go 
read our cover story to grok the science of it all.

There’s loads more to this issue than cabbages and 
intelligence, though. You can also read about remote-
controlled animals, smart walking sticks, Chinese 
puzzles and chameleon girls. So what’re you waiting for?

Scientifi cally,

Vinayak Varma, Editor
vinayak.varma@ack-media.com

Think about it!

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover artwork by 

Bombay Duck DesignsPrinted at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 

Scientifi cally,

Viinaayak Vaarma, Editor
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NOT SOIs the cheetah really 
the fastest animal 
on Earth? Which is 

the slowest?

It depends. The cheetah is 
indeed the fastest known 
animal on land. Its long 
strides and streamlined body 
allow it to run at speeds over 
100 kmph. This is faster 
than the speed of most cars 
on an Indian highway! But 
a cheetah can only keep up 
this speed for a few hundred 
metres before it becomes hot 
and out of breath and slows 
down. Compare this speed 
with that of the fastest man — 
Usain Bolt of Jamaica — who 
holds the world record (only 
among humans) for the 100m 
sprint. He ran 100 m in 9.58 
seconds, which comes to a 
little less than 38 kmph.

But there are other 
members of the animal 
kingdom who are very fast 
in their own right. The 
Pronghorn antelope has been 
known to reach speeds of 
almost 100 kmph. In water, 
the sailfi sh is believed to be 
the fastest, almost equalling 
the speed of a cheetah on 
land. But the honour of being 
the fastest in the animal 
kingdom goes to a bird. The 
Peregrine falcon hunts other 
birds by striking them in 
mid-air. When it spots prey, it 
tucks in its feet and wings and 
dives. Its speed during this 
dive can be over 320 kmph! 
A horse can run at about 70 
to 80 kmph while carrying 
a rider. In the insect world, 
the Australian dragonfl y is 

considered the fastest. It 
has been measured fl ying at 
almost 60 kmph.

So far, we have looked at 
some fast animals. What 
about the slow ones? The 
tortoise has a reputation for 
being very slow. The giant 
tortoise, for example, has 
been measured covering a 
distance of around 272 m in 
an hour. The closely related 
turtle is only a little faster on 
land. But in water, a turtle has 
been measured swimming 
at around 35 kmph! (This is 
almost as fast as a human 
sprinter on land. The fastest 
swimmers among human 
beings are much slower: 
Alexander Popov holds the 
world record of 21.64 seconds 

for swimming 50 m, and this 
is a little over 8 kmph.)

But even with its low 
speed, the tortoise is not 
the slowest moving animal 
on land. That honour goes 
to the garden snail, a soft 
and slimy creature with a 
curved shell around it. The 
snail is so slow that there is 
even a World Snail Racing 
Championship held every 
year in England to celebrate 
its slowness. (Each race 
begins with the words: 
“Ready, steady, slow!”) The 
world record for the fastest 
snail was set in 1995 when a 
snail named Archie covered 
a distance of 13 inches in 
two minutes. That works out 
to a speed of almost 10 mph. 

 FAST

04

ASK US WHY

by Srinath Perur
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TOYBOX

x/
2

a
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c
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g

b

e

f
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d

The tangram is an ancient Chinese game that became massively 
fashionable in Europe and America between the early 19th and 20th 
centuries. Its popularity has since consumed the rest of the world too. 

The tangram consists of a set of seven fl at pieces (see diagram) that can be 
moved around to form thousands of interesting shapes. In this month’s Toybox, 
we teach you how to make and play with your own set of this addictive game.

rhomboid

isosceles 
right-angled

triangle
square

You will need: an 8”x8” square of thick card 
paper, a pair of scissors, a ruler, a pencil, and a 
protractor to check if your angles are correct.

1. Draw a line from point a to 
point b.
2. Draw a line from the centre 
of line a-j (point c) to the 
centre of line j-b (point d).
3. Draw a line from point e to 
the centre of line c-d (point f). 
This line will also cut through 
line a-b and create a new 
point that we will call g.

If the four corners of your square of card paper 
are points a, e, j and b (refer to diagram below): 

06

4. Draw a line from point c to the centre of line a-g 
(point i).
5. Finally, draw a line from point f to the centre of line 
g-b (point h).

Now use your scissors to cut along the lines you 
have drawn.
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You now have yourself seven pieces of the 
tangram puzzle. If you like, you can laminate 
each of these pieces to make them last longer. 

See if you can recreate the shapes given below 
using your tangram. (Remember, you must use 
all seven pieces, and you may only place them 
side by side: they cannot overlap.) Have fun!

Five of the seven pieces in the tangram are isosceles 
right triangles (can you spot them?). One of the angles in 
such triangles is 90° (known as its right angle). The side 
opposite the right angle — the longest side of the isosceles 
right triangle — is called its hypotenuse. The remaining 
two sides of these triangles are of equal length.

The ancient Greek mathematician Pythagoras fi rst 
wrote about how the lengths of the sides of a right-angled 
triangle work together. If, for example, a is the length of 
the hypotenuse, and the other two sides (the two sides next 
to the right angle) are b and c in length, then: a x a = (b x 
b) + (c x c). In an isosceles right triangle, though, sides b 
and c have the same length. 

In the tangram diagram on the left, if the length of 
the hypotenuse (side x) were 64cm, how would you use 
Pythagoras’ formula to calculate the length of side y? (If 
you calculate correctly, you will end up with an irrational 
number — a number with a fraction or a decimal point in 
it — because isosceles right triangles can never have sides 
with integer values (whole numbers like 1, 2, 3, etc.)).

A square that is made from the seven pieces of a tangram 
shows how precise and beautiful the relationships between 
basic geometric shapes can be. All the angles, lengths and 
areas of the shapes in the tangram fi t perfectly with one 
another to form an exact square. How amazing!

a tan man 
riding a 

tan horse

NUMBER THEORY

February 2011
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WHAT NOW

When you walk up to the doors of 
a modern mall, they slide open 
automatically – a sensor on top of 

the doors senses your presence and activates 
the mechanism that lets you through. 

Now imagine if you could do the same 
thing to the doors, windows, electronic 
gadgets and computers of your own house. 
You could switch on anything just by walking 
into the room and gesturing. 

A microchip embedded somewhere in your 
body, containing a special code that only 
allows its owner to control it, makes you 
the master of your environment. Entire seas 
of information will part with just a wave of 
your arms. 

We aren’t describing a scene out of 
Minority Report or The Matrix, no. This is 
the future that already exists, says Professor 
Kevin Warwick, AKA Captain Cyborg. 

Warwick had an RFID transmitter 
embedded in his arm in early 1998. This chip 
enabled him to control doors, lights, heaters, 
and other computer-controlled devices based 
on his proximity to them. In 2002, Warwick 
had a more complicated interface integrated 
with his body. This interface consisted of 
100 electrodes, and the signals coming from 
this were strong enough that a robotic arm 
linked to Warwick’s system could mimic the 
actions of his own arm. 

This means that Warwick is now a human 
being directly interfaced to a computer. And 
studies have shown that there is no problem 
with the integration of an electronic circuit – 
his nerves are intact, and his nervous tissue 
has actually grown around the interface! 

Because of such research, one day in the 
not-so-distant future, I could type an article 
like this simply by staring at the computer 
screen and thinking these words!

lay

I, cyborg

artwork: Adarsh Achari   

future 

concept
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ANIMALIA

SMARTER
THAN YOU

T H I N K
by Nithila Baskaran

09

Dogs and cats are usually meant to be 
enemies, but for the longest time we 
had two dogs and a cat that were the 

best of friends. They shared a bed and even 
ate from the same bowl. Whenever we went 
out, the dogs would hang about near the 
gate and the cat would sit on the compound 
wall awaiting our arrival. One such morning, 
our cook heard raucous barking and felt her 
sari being yanked by Pari, our Fox Terrier, 
who was trying to lead her to the front gate. 
When she got to the gate, the boys in the 
neighbourhood informed her that our cat 
had been picked up by gypsies. The cook 
panicked and ran out in search of the cat. 
Half a kilometre from home, she found 
the cat in a sack with eight other stolen 
cats. A scuffl e ensued, and she managed to 
rescue the cat. My mother rushed home to 
fi nd Pari in a state of high excitement licking 
the cat all over to make sure she was fi ne. 
He did not let the cat out of his sight for 
the next few days. 

Research has shown that dogs are highly 
driven to solve problems – a clear sign 
of intelligence. In this case, it was that 
coupled with his strong social bond with the 

Science is changing our 

perception of animals

cat, which saved her life. Over the years, 
scientists researching animal intelligence 
have deduced that it is not just the structure 
of the brain, but the structure of social bonds 
that drives intelligence higher. However, it is 
not clear whether living cooperatively boosts 
intelligence or innate intelligence leads to 
cooperative living.

Aesop’s ingenious crow
Many, many years ago, Aesop wrote a story 
about a crow and a pot of water. It took 
a 21st century scientist from Cambridge, 
called Christopher Bird, to prove that this 
was more than just a story. In fact, while 
experimenting with rooks (a member of the 
crow family), he found that not only could 
they reason through the method of raising 
water in a pitcher in order to get a fl oating 
worm, but they also selected larger stones 
fi rst so that the level of the water would be 
raised quicker.

The most recent research with a group of 
hand-reared rooks has been published in the 
journal Current Biology. The study showed 
that the birds were able to use wire to create 
a simple hook-like tool to retrieve food from 
the bottom of a container.
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Similar behaviour has been observed in wild 
crows, which make tools to remove insects 
from tree holes.

The intelligence pyramid
If we were to look at studies and 
observations by scientists in the fi eld of 
animal intelligence, the hierarchy would be 
something like this:

Cetaceans (whales and dolphins) and 
the great apes (chimpanzees, gorillas, 
orangutans, bonobos) top the list of smart 
animals. They have big brains and complex 
societies in which every individual has 
a particular place. They also have an 
awareness of self (see box on next page).

The Corvids (crows, ravens, magpies, 
treepies and jays) come next with tool-using 
ability and problem solving. They too have 
strong social bonds.

Social carnivores (hyenas, wild dogs, etc) 
or animals that live and hunt in groups are 
relatively high on the intelligence scale. 
What sets them apart from solitary hunters 
like the lion and the tiger is that they 
collaborate, communicate and negotiate 
power struggles.

What’s beyond IQ?
Can animals feel? Do they experience 
compassion or empathy? This is a much-
debated question. If they can, would 
this quality be considered a step beyond 
intelligence? Elephants have been known to 
mourn their dead and wait for injured ones 
that slow down the progress of a herd. 
 
In other recorded incidents, dolphins have 
been known to help stranded whales to 
safety. A man in California was saved from 
an attack by a great white shark by a pod 
of dolphins, which stirred up the water and 
acted as a barrier between the man and the 
shark until he fl ed to safety.
 
Animal rights activists have long used the 
argument of feeling and empathy in the 
defence of animals and their right to live 
dignifi ed lives. If indeed they have these 
traits, as science is increasingly proving, we 
may all do well to rethink our treatment 
towards them.

Lower in the rung are herd animals (deer, 
bison etc) that while live 
collectively, have no social 
structure, and limited 
intellect.
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SIGNS OF INTELLEGENCE 
TOOL

USING

PROBLEM

SOLVING

LANGUAGE

PERCEPTION 

OF SELF vs. 

OTHERS

This is defined as the use of an external object as a 

functional extension of the animal’s body to achieve an 

immediate goal. Corvids, great apes, vultures, finches, 

shrikes, elephants all exhibit this trait.

When looking in a mirror some animals will run behind it 

to find the other animal, while others recognise it to be 

themselves. When a spot or mark is applied on a dolphin’s 

body, it will position itself so it can see the mark better.

This is demonstrated by using prior experience, 

observation and insight to find the solution. Once again, 

the great apes excel in this. So do rescue animals like 

dogs and dolphins.

In pioneering work during the 70s, Koko the gorilla was 

taught the use of 1,000 words which she used to express 

herself with remarkable sophistication.

11

The 2010 FIFA World Cup saw the rise of a star psychic 
called Paul. This star — only two years old! — had a 100% 

success rate in predicting the results of all seven of Germany’s 
matches as well as the fi nals. Paul also had eight arms. Yep, 
Paul was a common octopus, and he lived in a tank at the Sea 
Life Centre in Germany. He correctly predicted the outcome 
of each match by eating out of the box that was marked with 
the fl ag of his chosen team. Although this act was treated with 
a good deal of skepticism, with the role of his intelligence in 
making predictions being questioned, the probability of Paul 
being right eight times in a row was only 0.39%. Either Paul 
knew something that we didn’t, or he was one lucky octopus!
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The idea of intelligence 
is connected with 
having a brain – a brain 

being a central area where 
all sensory impulses are sent 
(such as things we feel, see, 
hear, smell and taste). Let us 
establish if any of the animals 
on our list possess one. 

Intelligent (and not-so 
intelligent) invertebrates
Sponges do not have a brain 
or even a nerve network. 
They sit on a rock, pump 
water to siphon out food, and 
grow, and reproduce. Sponges 
also do not feel particularly 
upset if a predator pounces 
on them or pain if a wave 
destroys them.  

Jellyfi sh have a nerve 
network all over, but no 
centralised brain area. These 
animals can swim faster to 

get away from predators, 
but they can manage 
only simple, instinctive 
manoeuvres.

Of our menagerie, fl at 
worms are an interesting 
lot, as they have a pair 
of large ganglia (the 
beginnings of a brain) that 
controls either side of their 
bilateral bodies. 

Rotifers (just 0.1 to 1mm 
long!) are the smallest 
invertebrates with a head, 
a trunk (middle) and a foot. 
They too have a pair of 
ganglia in their heads. Plus, 
rotifers have the unique 
ability to escape from 
parasites by pulling in their 
head and feet and drying 
out completely for up to 
nine years! 

Animal brain gym
Given the beginnings of a 
brain in these invertebrates, 
let us see what they can 
do with one. For instance, 
can they navigate a maze? 
Amazingly, several species 
of worms have been tested 
on a maze and can fi nd the 
correct path to their food 
after several trials – this 
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ANIMALIA

by Dr. Shonali Chinnaiah / 
Curiouscity

12

Imagine a line-up of assorted 
aquatic animals in front of you 
– sponges, jellyfi sh, fl at worms, 

rotifers, star fi sh, crabs, octopodes, 
fi sh, dolphins and whales. You have 
been asked to organise them in the 

order of most to least intelligent. 
How would you do this?
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different to that of the octopus 
— star fi sh, dolphins or blue 
whales — show similar skills?

As we climb up the ladder 
from invertebrates to 
vertebrates, other forms 
of intelligence crop up. 
Dolphins, for example, can 
communicate with each 
other. But can a dolphin tell 
its trainer that it is hungry? 
Perhaps – just as dogs 
communicate with humans 
using whines and barks and 
body language.  

Measuring intelligence gets 
more complex when we 
consider humans who have 
the ability to plan for future 
events like planning a party 
for New Year. Could any 
animal plan an event for the 
future? How about a group of 
Orcas (killer whales) hunting 
– is that a planned event or an 
immediate reaction to food?  

Perhaps YOU could think of a 
good test of intelligence that 
would accommodate different 
species and their varying 
abilities. Email your ideas to 
brainwave@ack-media.com 
and we’ll publish the most 
interesting one.
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means they can memorise a 
given pathway. Snails, crabs, 
starfi sh and several mollusks, 
all have the ability to fi nd 
their way through a maze.

Navigating a maze is 
a ‘conditioned form of 
behaviour’ or behaviour that 
has been learned because of a 
reward or punishment. But a 
maze is not really a test of an 
animal’s ability to improvise a 
new behaviour based on this 
memory.

So what else defi nes 
intelligence? We could say 
that intelligence is the ability 
to make an association. For 
example, will a fi sh get scared 
and swim away from a hand 
which offers food? If yes, what 
about subsequent times? Will 
the fi sh associate the hand 
as a source of food and stop 
fearing it? Crabs, crayfi sh, 
octopodes and fi sh all have 
the ability to associate.  

Who’s the smartest?
Then again, what if we were 
to defi ne intelligence as 
the ability to use a tool? An 
octopus, considered the most 
intelligent invertebrate, can 
learn to extract a juicy crab 
from a bottle by opening a 
screw-type lid. Incredible, 
isn’t it? But what if we sealed 
the jar with a crab inside 
and placed a stone nearby. 
Could the octopus use the 
stone (a tool) to break the 
glass and release the crab? In 
this case, several features of 
intelligence come into play 
– memory, association and 
improvisation. Could other 
species with physical abilities 
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BAMBOOZLING 

BR AIN

COVER STORY
Resembling a large caulifl ower at times and a crinkly walnut at 

other times, the grey-pink squiggly mass called the human brain is 
a wondrously complex and breathtakingly sophisticated part of our 
bodies. We explore the ins and outs, ups and downs and rights and 

lefts of this amazing biological machine.

by Aparna Kapur

with inputs from:

Dr. Sumantra Chattarji &

Dr. Vatsala Thirumalai, 

National Centre for Biological Sciences

& Niranjana Viswanathan
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specialise in studying the brain, have already 
found answers to a whole lot of questions 
about how the brain works, including how 
we speak, walk, see, count, decide, listen 
and remember. Over the course of this story, 
you can discover some of these answers too, 
along with funny anecdotes, puzzling tales and 
exciting activities.

Let’s take a whirlwind ride through the 
insides of the brain and get to know its 
important parts – the lobes of the cerebrum, 
the cerebellum and the brain stem. First up, 
let’s meet the Four Mighty Lobes!

The Frontal Lobe 

Let’s say you feel like going on a picnic. You 
decide that Saturday would be the perfect 
day because you can start early and stay out 
late. You pick the perfect picnicking spot by 
a stream, a little away from the city. As you 
go about planning the nitty-gritty of your 
day-out, you might not be aware that each of 
these wise decisions has, in fact, been made 
by a very specifi c part of your brain, called 
the frontal lobe. Kids, meet the frontal lobe 
– executive manager of all higher mental 
functions, including departments like decision 
making and problem solving. 

The thinker of thoughts

The frontal lobe is in charge of all our 
thinking, planning, reasoning, as well as 
our intentions 
to carry out 
movements. It 
also regulates 
our behaviour, 
so much so 
that it is the 
frontal lobe that 
makes us polite 
and courteous 
beings. 
In fact, a really 
big function of 
the frontal lobe 

15

Look around you. Notice how different 
each person is from every other person 
in the world. Think about what makes 

you different from your closest friends. Is 
it the fact that you are the fi rst one to shout 
out the answer to 3 times 87? Is it because 
you have mastered the art of juggling while 
others are as clumsy as ever? Or is it your 
ability to rattle off the birthdays of everyone 
in your family without as much as a peek at 
the calendar? 

Everyone is made up of a set of special and 
unique characteristics that sets them apart 
from everyone else. But do you know why? 
(Hint: It has to do with science!)

Every behaviour, peculiar habit and odd 
thought – in fact every action – can be traced 
back to our brains. But how do we know this 
for sure, you might wonder? Using really 
cool technology called ‘brain imaging’, which 
lets scientists look inside living brains. 

Peering inside the brain

If we use brain imaging while we are talking, 
we will observe that a little part of our left 
parietal lobe lights up as we begin to speak. 
When we talk about optimistic things in the 
future, the front portion of our midbrain also 
becomes active. Suppose we were to think 
of our parents or remember what we learnt 
at school, then the centre of our brain would 
light up. 

Such advanced technology shows us that 
everything we do can be explained in terms 
of the brain’s activities. Then why is it that 
we still don’t have all the answers to human 
behaviour? Well, it turns out that our brains 
are so very complex, that the number of 
connections between their neurons (as 
brain cells are called) is more than the 
number of stars in the galaxy! So there is an 
entire universe in our skulls, waiting to be 
explored.

This exploration has already made great 
headway. Neuroscientists, the guys who 
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THE GRUESOME TALE OF PHINEAS GAGE

Phineas Gage was a simple and friendly sort 
of railroad construction worker. One day, a 
large iron rod accidentally drove into the side 
of his face and through the top of his head, 
injuring his left frontal lobe. Miraculously, 
Phineas survived. But something was different 
about him. Phineas couldn’t make up his mind, 
had sudden mood swings and often insulted 
people. Although his memories were intact, his 
behaviour was affected by severe damage to 
the frontal lobe. 

Frontal lobe workout 
Want to check out whether your frontal lobe 
is able to form concepts (which happens 
to be one of the lobe’s major functions) 
effi ciently? Do the following activity: 

Each of the 25 circles above has a number 
(from 1 to 12) or an alphabet (A to M) on it. 

You have to connect the circles in the order 
of ‘A1B2C3...J12M’. Do not forget to time 
yourself.

The faster you do this test, the better the 
performance of the concept-forming part 
of your frontal lobe.  E-mail your scores to 
brainwave@ack-media.com, and we’ll tell 
you how well you did compared to the other 
Brainwave readers.

The parietal Lobe 

We gather most information about the world 
through our fi ve sense organs, i.e. the eyes, 
ears, nose, tongue and skin. But who puts 
together all this information? That’s the job 
of the parietal lobe, the next of the mighty 
lobes in your brain. If the frontal lobe is an (from 1 to 12) or an alphabet (A to M) on it. lobes in your brain. If the frontal lobe is an 

is ‘impulse control’. Haven’t you, at 
times, felt like saying or doing things 
that are totally inappropriate? Like 
burping loudly while having dinner 
with your neighbours, or insulting 
the colour of a stranger’s clothes? 
At these times, it is the frontal lobe 
which gallantly steps in and stops you 
from putting your foot in your mouth. 

Here is a story that illustrates the 
importance of the frontal lobe in our 
lives. Beware, though, it might get a 
bit gory!
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Ole Phinny Gage was a 
happy man, so 
friendly and sincere,

Until a rod kebab’d 
his brains, Oh dear me, 
deary dear!

ole Phinny gage lived 
through his plight, but 
something in him changed.

Ev’ry time he op’d his 
mouth, his manners 
disengaged!

Vermont, 
C. 1848
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ROBO TALK 

If you are a fan of robots, 
this will make you smile. 
Researchers at the 
Massachusetts Institute of 
Technology (MIT), have 
developed a robot named 
Kismet that can interact with 
humans by observing tone, 
body language, heartbeat 
and galvanic skin responses. 
It can modulate its voice 
and expressions to imitate 
emotional reactions too!

holding, lifting, pulling and pushing are 
regulated by this brain part.

What does the left parietal lobe do then? It 
performs the complex task of processing 
language and numbers. The fact that you can 
count, speak and understand what others 
say, is all thanks to this part of your brain. 
Inadequate functioning of the parietal lobe 
could lead to strange conditions. Read on.

A CURIOUS CASE STUDY 

A 65-year-old man, let us call him Mr X, 
displayed the following symptoms: he felt 
spaced out even in familiar surroundings, 
was unable to fi nd the right words to speak, 
identify items, brush his teeth or even locate 
the buttons on his shirt. After several tests were 
conducted and images of his brain were taken, 

holding, lifting, pulling and pushing are 
regulated by this brain part

oi!
catch!

bombs 
away!

ow!

let’s see now. . .

eta = 0.2 seconds, or is it??speed 

= 20 kmph

distance 
= 4 feet?

trajectory 
2x + 3

no oranges were hurt 
in the making of this 

comic strip.

we just ate them later.

direct
 hit!

executive manager, the parietal lobe is chief 
of processing.

Let us elaborate: Imagine a scenario where 
you ask your friend sitting across the table 
to toss you an orange. In order to catch it, 
you don’t just have to ‘see’ the fruit, but also 
fi gure out how long it will take to reach you 
and raise your hands at that exact moment. 

How do you do all this in a matter of 
seconds? Well, the credit goes to the right 
parietal lobe in your brain.

The big processor

The right parietal lobe happens to be an 
expert on matters concerning ‘visuospatial 
processing’. Also, all voluntary movements 
like reaching for something, catching, 
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doctors noticed a drastic drop in 
the blood fl ow to his parietal lobe. 
Mr X was displaying some of the 
symptoms of a disorder called 
‘Balint’s Syndrome’.

Hold both the toothpicks very close together 
and poke the subject’s forearm. Ask if he/she 
felt one point or two. The subject, if being 
honest, is likely to say “one”. Repeat this step 

several times, slowly increasing the distance 
between the two toothpicks by a margin of 
a few millimetres. Record the distance at 
which the subject recognises two distinct 

MIND-READING ARM
California-based research laboratory, Andersen Lab, is 
designing a device which is connected to the specifi c place 
in your parietal lobe that controls intentional or voluntary 
movements (called the posterior parietal cortex, if you must 
know). The device reads your thoughts, controls the signals in 
your parietal lobe and transmits the information to a robotic 
arm. Basically, you can control the robotic arm with your 
mind! The device has been successfully tested on monkeys.  

18

mind! The device has been successfully tested on monkeys.  

bring 
monkey more 
bananas or 

face monkey 
wrath!yow!

yessir!

thought-
controlled 

robot arms are 
handy!

ogether several times, slowly increasing the distance 

Flex your parietal lobe

Test the alacrity of your parietal 
lobe with this experiment. You will 
need: two toothpicks, a scale and an 
experimenter (someone to conduct 
this test for you).

Tell the experimenter to follow the 
instructions given below. (Author’s 
note: For the sake of honest results, 
I strongly advise that you don’t take 
a peek.)

toothpicks instead of one. The 
lesser this distance is, the 
sharper the ability of sensory 
perception in the parietal 
lobe.

The occipital Lobe 

We are pretty sure all of 
you will agree with the fact 
that our sense of sight is the 
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most wondrous of all our senses. And the 
most complicated too! This is why there is a 
whole lobe which has been assigned to do 
the work of seeing. The occipital lobe, set at 
the back of your brain, contains a mysterious 
place called the ‘primary visual cortex’. This 
busy and offi cious sounding part of the brain 
processes visual information of all kinds. 

The brain’s eyes

Basically, when we talk about our sense of 
sight, we are referring to everything that 
the occipital lobe does! Follow us carefully 
as we explain how the occipital lobe lets us 
‘see’ things. The eye receives visual data, 
that is converted to visual representations. 
These are projected onto the primary visual 
cortex, thus enabling us to see. That’s not 
all, the occipital lobe has other specialised 
areas which are involved in nitty-gritty visual 
activities like recognising objects, fi guring 
out space, detecting movement, identifying 
colours and processing shapes.  

s 
aargh!
it’s the  

terminator!

haha! no, 
it’s just 

avery labs’ 
artifi cial 

eye!

t d f ll A d th

ow! 
watch it! eye spy

Avery Labs, under the leadership of the late 
Dr. William Dobelle, created an ‘artifi cial 
eye’. This is a brain implant that records the 
visual fi eld and transfers it directly to the 
primary visual cortex. People with certain 
types of blindness can see things in black-
and-white outlines with this device.

WHEN THE OCCIPITAL LOBE GOES MISSING

Two psychologists, DG Marquis and ER Hilgard, have done in-depth research on the occipital 
lobe. One of their experiments was done on monkeys. The scientists found that on the partial 
removal of the occipital lobe, the monkeys started to behave as if they were blind. They 
bumped into objects, looked for food by exploring the ground with their hands and did not 
blink or react to any sudden movements. However, their pupils appeared to contract in the 
presence of bright light. This reaction showed that the visual cortex is not required for the 
brain to respond to light stimuli.

The temporal Lobe

How do you recognise your father’s voice on 
the phone? How can you identify the face of 
your favourite musician from a sea of faces? 
How can you close your eyes and remember 
exactly what your kindergarten school 
looked like? The answers to all the above 
questions lie in just one place – the temporal 
lobe.                           (continued on page 22)

the occipital lobe!

home of the famous

visual cortex!

partially removing 
the 
occipital
lobes 
of some 
monkeys 
left 
them 
blind!

there’s 
more!

bright lights 
made their pupils 

contract!
does this mean 
that you don’t 
need the visual 

cortex to 
respond to 

light?

February 2011

la
you

t a
n

d
 a

rtw
ork

: P
en

cil S
a

u
ce

brainwave3.indd   21brainwave3.indd   21 21-09-2012   12:53:2521-09-2012   12:53:25



18

As a child I was more interested in visual storytelling than in 

science. So I left the US when I was 19 to go photograph and write 

stories about herding goats in Northern Greece. I also produced 

my first pictorial anthropology book at that time on ancient 

funeral rituals of rural Greece. That’s how my career began. Then, 

20 years ago, I traded in my cameras and 2D microscopes for 

advanced 3D scanning machines, and my darkroom for multiple 

supercomputers. I still tell visual stories, but now they’re about the 

inside of the body: from the cellular to the larger anatomies!

— ALEXANDER TSIARAS, artist, photojournalist, technology innovator 
and CEO of Anatomical Travelogue, Inc. and TheVisualMD.com.

INK, working in association with TED, 

is an annual conference that aims to 

fuel innovation and foster knowledge 

by bringing together the world’s most 

fascinating thinkers and doers from a 

range of disciplines. Watch Alexander 

Tsiaras’ talk at the 2010 INK conference 

on www.theinkconference.com.
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In this image, the head is cross-sectioned to reveal the brain within 

the skull. The two types of brain tissue are visible: gray matter and 

white matter. These names are derived from their appearance to the 

naked eye. Gray matter is made up of the cell bodies of nerve cells. 

White matter is made up of the long filaments that extend from the 

cell bodies transmitting the electrical signals that carry the messages 

between neurons (a neuron is a cell in the nervous system).

BRAIN, 
CROSS-SECTIONAL VIEW

AMAZING SCIENCE

Image courtesy: TheVisualMD.com. All rights reserved.
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hippocampus and new memories

GYAR !
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The maker of memories

The temporal lobe has the enviable position 
of storing all our memories. It works on 
several other areas like understanding 
language, remembering words and making 
sense of complex stimuli, like scenes, places 
and faces. In fact, new memories are created 
in a place within the temporal lobe, called 
the ‘hippocampus’. The story of how it was 
discovered is an interesting one.

Test your memory quotient

If you want to learn a little more about how 
memory works, do this simple experiment.

Take a pen/pencil and a sheet of paper. Read 
the list of fi fteen words given above, slowly. 
You may read the list twice.  

Now close the magazine, and draw small 
circles on your sheet of paper. Do this for 
exactly one minute. After a minute, recall 
and write down as many of the words as you 
can and then open the magazine again. How 
did you do? 

Now, without getting distracted on the way, 
repeat the same steps with the list below. 
Don’t forget to draw the circles!

How many were you able to recall this time? 
Better than the previous set of words, right?

This is because our brains form stronger 
memories when there are chunks of related 
information. You can use this technique to 
memorise your schoolwork more effectively!

A PLACE CALLED THE HIPPOCAMPUS

This is the story of Henry Molaison, also 
known as HM. Even as a young man, 
Henry suffered from epileptic seizures. He 
was referred to a surgeon who located the 
origin of his seizure activity in parts of his 
left and right temporal lobes. The doctor 
decided that the surgical removal of those 
parts would stop the seizures. He was 
right. But along with the seizures, Henry 
also lost his ability to form new memories. 
After years of observation, scientists were 
able to narrow down on the hippocampus 
as the region responsible for forming new 
memories.  

henry suffered 
from seizures, so he 
visited a surgeon.

the surgeon 
located the origin 
of the seizures in 
his brain.

the operation 
worked! henry 
lost the seizures.

unfortunately, 
he also lost the 
ability to form 
new memories.

we’ll get 
rid of this 
part, right 

here!
that’ll 
do it.

um... ok..

voila!

hey... no 
seizures!

wow

and, 
here’s your 

bill.

bill? who’s 
bill? and who 
are you any-

way?
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here you 
go, dad! the 

newspaper! i told you, 
right? he’s 

got himself 
a cochlear 

implant!

ack! now 

i’m deaf!
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many ways! Read the story of how it affected 
Billy McLaughlin.

WHEN FINGERS MOVE ON THEIR OWN

Composer Billy McLaughlin loved to play 
the guitar. One day he injured his hand, and 
fi gured it was just a matter of time before 
he could get back to playing the guitar. 
But he noticed that something was wrong 
with his hands, in addition to the swollen 
fi ngers. Sometimes, even though he knew 
what he wanted to play, his fi ngers would go 
ahead and do something entirely different. 
He was diagnosed with ‘focal dystonia’, 
a neurological movement disorder. This 
caused his left hand and fi ngers to spasm 
at unpredictable moments. Today, he is 
living with the condition and trying various 
treatment options.

23

  biscuits?! 
hear that? 
we’re going 
too!

will there 
be biscuits?

whoa!

oi! we’re 
taking a 
break for 

tea!

Do it Yourself!

There is a simple way to test whether your 
cerebellum is in working order. Let us try it, 
shall we?

Choose a point that is approximately an 
arm’s length away from you. This is your 
target. Now reach for the target with your 
fi ngertip. Observe the path your fi nger takes 
to reach the target. If you follow a direct 
and straight path, it indicates that your 
cerebellum is doing just fi ne. People with 
cerebellar damage, reach for it slowly and 
erratically.

BREAKING THE SOUND BARRIER 
A part of the temporal lobe’s job is processing 
auditory information. Researchers have 
developed brain implants, called ‘cochlear 
implants’, to restore hearing in people 
with hearing disabilities. One such pioneer 
is Dr. Graeme Clark, the fi rst to make 
breakthroughs in this fi eld.

Having wandered through the territory 
of the lobes, let us now discover the other 
major parts of the brain.

The cerebellum

What is the difference between waving 
and writing? Or knocking and knitting? 
Movements like waving and knocking are 
simple. Whereas writing and knitting are 
complex movements that require greater 
precision, timing and the right technique 
to execute. This is where the ‘cerebellum’ 
comes into action.  

The joy of movement

The biggest role the cerebellum plays 
is in the fi ne-tuning and coordination of 
movements. This part of the brain also plays 
a role in fear and pleasure responses and 
in maintaining balance. Any damage to the 
cerebellum can interrupt your life in so 
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The Brain Stem

Although thinking, planning and 
communicating are some of the higher 
functions of the brain, it also performs some 
basic functions which help us survive. These 
include regulating breathing, heartbeat 
and blood pressure – processes which are 
handled by the ‘brain stem’.

Why we can breathe

The brain stem is a cluster of organs, 
consisting of the pons, the medulla 
oblongata, the midbrain and the reticular 
formation. Each of these parts performs very 
specialised functions which help keep us 
alive. In fact, all our basic refl exes (including 
swallowing, sneezing and coughing) 
are carried out by the brain stem. It also 
controls our sleep cycles and regulates 
blood pressure, respiration and heartbeat. 
Our posture, facial expressions and eye 
movements are managed by the brain stem 
too. Damage to the brain stem can lead 
to serious life-threatening (if not fatal) 
conditions, including coma and Parkinson’s 
disease.  

was diagnosed with Parkinson’s disease, which 
had probably resulted from frequent injuries to 
his head. Eventually, he had trouble speaking, 
swallowing and walking. He is still battling 
with the disease, but has not lost his fi ghting 
spirit!

Try this at bedtime

The reticular formation, within the brain 
stem, is responsible for our sleep cycles. Did 
you know that sleep is needed to strengthen 
memory? Try this memory-enhancing 
technique: 
Right before you sleep, spend some time 
recalling everything you learnt during the 
day in the same order that you learnt it. Do 
not refer to your books, unless you have 
forgotten something. As soon as you are 
done, go to sleep without saying a word 
to anyone! Although this activity does not 
produce immediate results, it has been 
known to considerably strengthen memory 
over a period of time.

instant messenger
A major function of the brain stem is that of 
being a messenger, as it relays information 
to and from other parts. Extending this 
ability to help people who have lost control 
over movement or other bodily functions, 
the American company Cyberkinetics has 
developed a system called the ‘BrainGate’. 
This chip is implanted in the brain to monitor 
signals, and relays the patient’s intentions in 
the form of computer commands.

thought communication
Neural Signals Inc has developed a device called 
the ‘Brain Communicator’. This brain implant 
helps paralysed patients control their computers 
just by their thoughts! Patients are able to draw 
and write with this implant, enabling them 
overcome communication challenges.
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ALI’S FIGHT

On October 2, 1980, American boxer and 
former world-champion Muhammad Ali 
fought against Larry Thomas. Although Ali 
displayed plenty of grit and courage during 
the match, his refl exes were slow, his 
movements were weak and his decreased 
motor skills could not be overlooked even 
by his biggest fans. He lost the match. But 
sadly, he had lost more. Muhammad Ali Ali VS. 

parkinson
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auditory nerve and provide a 
sense of sound. 

Another case where 
electrode implants are 
working wonders is 
Parkinson’s disease, a 
condition in which parts 
of the body, like the hands, 
shake uncontrollably. In 
this mode of treatment, very 
small probes are inserted 
into the brain and the 
electrical impulses emitted 
by them are called ‘deep 
brain stimulation’ (DBS). 
This kind of stimulation helps 
overcome the tremors and 
slowed movement caused by 
Parkinson’s. 

Experiments have been 
conducted on animals to see 
the effects of DBS. One of the 
most striking demonstrations 
was done in 1964 by Dr. 
Delgado when he caused a 
bull, which was charging 
towards him, to stop in its 
tracks and trot away. He 
had used a hand-held radio 
transmitter to stimulate 
pleasure-giving electrodes, 
which had been implanted 
into the bull’s brain the 
previous day. 

Today, medical technology 
allows such electrodes to 
be completely implanted 
into the human body (along 
with a battery pack the 
size of a matchbox) to treat 
some diseases such as  
Parkinsonism and 
major depression.

However, there are 
other controversial 
uses of DBS. 
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INCREDIBLE
MIND
MACHINES

Our brain is like a 
castle on a hill – well-
protected by a thick 

skull and away from routine 
injuries and infections. 
But what happens when 
something goes wrong within 
this high-security fortress? 

Over the years, scientists 
have thoroughly researched 
the working of the brain, and 
are now trying to hack it, in 
order to cure diseases. After 
having fi gured out how to 
detect and interpret brain 
signals, researchers are 
now fi nding ways to insert 
electrodes into special areas 
of the brain to cure many a 
disease. In a sense, cyborgs 
(beings with biological and 
electronic parts) are already 
walking among us! For 
example, large numbers of 
deaf or near-deaf people have 
been fi tted with cochlear 
implants also called ‘bionic 
ears’, which are electronic 
sound-processing machines 
connected to batteries that 
stimulate the hearing or the 

For instance, inserting 
electrodes into a part of the 
brain called the ‘orbitofrontal 
cortex’ can make you feel 
pleasure. 

But are there dangers in 
having euphoria just a click 
away, all the time? Would 
it be a bad thing or a good 
thing to feel intense pleasure 
at the push of a button? The 
research continues.

by Dr.Jandeep Banga

/ Curiouscity

ASTOUNDING FEATURES 

OF THE CASTLE

1) The amazing castle called the 
human brain has about 100 billion 
cells, which is approximately 
equal to the number of stars in 
our galaxy. 
2)  It can come up with more 
ideas than the number of atoms 
in the universe!
3) It weighs only about 2 percent 
of our body weight but consumes 
about 20 percent of our energy, 
which is enough to light a 25watt 
light bulb. 
4) More electrical impulses are 
generated in one day by a single 
human brain than by all the 
telephones in the world.
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Did you know that the ostrich’s eye is larger than its brain?
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In 1816, Scottish inventor, Sir David Brewster, came up with an invention that 
means ‘beautiful form watcher’ in Greek. Can you guess what he invented? 
Hint: It produces a variety of colourful images that are always symmetrical.

It is something that’s put in your cola. It is also pretty toxic and one of the reasons why 
your mother asks you not to drink fi zzies! This molecule’s chemical structure had foxed 
scientists for a long time. Till a German chemist, Friedrich Kekule, had a reverie about 
a snake seizing its own tail one sleepy afternoon. This ‘brainwave’ led him to crack the 
structure of the molecule. Which mystery molecule is this?

The Swedish chemist Jöns 
Jakob Berzelius named this 
element after the Norse 
God of War. It is radioactive 
(a property which was fi rst 
discovered by Marie Curie. 
Incidentally, 2011 is exactly 
100 years after Curie was 
awarded the Nobel Prize in 
Chemistry), a nuclear fuel, 
and India happens to be rich 
in it. Which future energy 
source are we referring to?

In 1842, Richard Owen named this species “terrible lizard” in Greek. We now know that 
not all its members were terrible, and none of them were lizards. They are considered to 
be the precursors of birds, and they went extinct 65 million years ago, probably due to a 
meteor strike on earth. What are we talking about?

Benjamin Franklin is credited with 
the invention of bifocal lenses. But he 
is famous for yet another discovery 
that was inspired by his famous ‘kite 
experiment’. What did he discover?

Email your answers to 
brainwave@ack-media.com. 
The fi rst three entries with 
all correct answers will win 
cool goodies!

Questions set by P.S. Ra jagopal
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EUREKA!

H15750N310O6500C2250Ca63P48K15S15Na10Cl6Mg3Fe1
If something we are very familiar with were broken down into its constituent atoms, this is the 
empirical chemical formula we would arrive at. Can you identify the thing?
A: The human body

The two common bacteria present in this substance are the golden-yellow coloured Staphylococcus 
aureus and the blue coloured Pseudomonas pyocyanea. This is a possible explanation for its colour. 
What are we referring to?
A: The green colour of snot (or nasal mucus, if you want to be pedantic about it). The next time 
your mother admonishes you for digging your nose, tell her you are conducting a scientifi c 
experiment.

Here are a couple of extracts from Gulliver’s Travels: 
“Wonderful kind of engine…a globe, half silver and half of some transparent metal.”
“He seldom did anything without consulting it: he called it his oracle …”
What are the Lilliputians describing here, something they believe is the god that Gulliver worships?
A: His watch

Saul Bellow is an author who won the Nobel Prize in Literature in 1976 and is known to possess 
strong opinions on many everyday objects. Here is one of them – “It permits us to jump back and forth, 
mix up beginnings, middles and ends. Nothing happens in any sort of order… Distraction catches us 
all in the end and makes mental mincemeat of us.” 
What invention, originally called ‘Lazy Bones’, is old Saul bellowing about?
A: The TV remote control

The discovery of which element is being depicted in this Joseph Wright painting? 
If it helps, the bearded chap is named Hennig Brand.
A: Phosphorus

Solutions to I.Q., Issue 2 (See Brainwave Issue 2, page 19)

(Quiz set by Thejaswi Udupa)

February 2011
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WINS AND LOSSES

In issue 2 of Brainwave, page 9, we reported that “Before the Hindenburg 
disaster on May 6, 1937 put an end to the use of zeppelins as a means of 
air transport, more than 32,000 passengers had fl own in over 100,000 

million German zeppelins without a single accident.” 
100,000 million is an extraordinary number by any count: that’s enough zeppelins 

to blot out the sun over Europe and keep those poor 32,000 passengers fl ying non-stop 
for several of their lifetimes. What explains this strange event? Muddled brains, that’s 
what! The researcher rats down in Brainwave Labs went temporarily word-blind last 
month and mixed up miles with millions. A truly Hindenburgish disaster! It was 
shameful of us not to notice this error sooner, and we sincerely hope that you will 
forgive us for it.

So here’s what we meant to say: “Before the Hindenburg Disaster on May 6, 
1937 put an end to the use of zeppelins as a means of air transport, more 
than 32,000 passengers had fl own over 100,000 miles in German zeppelins 
without a single accident.” Quite a distance for a silly mistake to travel, no?

Aishwarya Arun from Calicut 
suggested a great invisibility 
technique – a machine called the 
‘Invisibility Probe’.
 
Arundhati P. Kalyan has some 
interesting opinions to offer on 
the pros and cons of living in an 
invisible world. Her verdict? “... even 
though an invisible life would be 
funny, happy, amusing and at times 
a little easier, it is far too impractical 
and I guess it would just turn the 
whole world upside down.”

Congratulations, girls! You 
each win a free subscription to 
Brainwave!
To read Aishwarya and 
Arundhati’s entries, log on to 
www.brainwavemagazine.com.

Yikes! We messed up!

Issue 1 contest winners!

BOOM!BOOM!
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GRASSROOTS

The stick that
Lets you walk free
This smart walking stick helps visually 
challenged people sense obstacles, avoid 
puddles and guard their precious stick – all 
at the same time!

by Aarti Mohan

The oft-recalled 
picture of a blind 
person is that of 

someone wearing dark 
glasses and swinging 
a white cane while 
being helped across 
the street, usually by 
a good Samaritan. It 
is an image that spells 
helplessness and 
disability. Can the white 
cane be instead a smart 
device that helps its 
user rather than make 
his disability clear 
to others? Two 
10th Std boys in 
Gulbarga town 
certainly thought 
so.

July 2002. It was monsoon 
time in Gulbarga, and 
the roads were fi lled with 
puddles. Sanket, a student 
of the Sharnabasaveshwar 
Public School, saw a blind 
man who was walking by 
with a stick, fall into a puddle. 
Sanket discussed this with his 
friend Prashant and that was 
how they came up with the 
idea of a better walking aid. 

Under the guidance of their 
school teacher, Mr. Hemant, 
and Prof. Y.N. Ravindra, they 
designed an electronic circuit 
along with infrared radiation 
detectors and infrared 
emitting LED lights. Blind 
people have a very sharp 
sense of touch and hearing, 
and the boys made use of 
this information. Obstacle 
detection sensors are located 
at the left, right and bottom of 
the stick. The rays refl ected 
by the obstacles through 

the LED lights are captured, 
converted into sound and 
passed onto the headphones 
worn by the user. For each 
direction, the person hears 
a different tone. The device 
also contains micro-switches 
to detect manholes. Finally, 
in order to make the system 
more clever, an anti-theft 
alarm warns the user if the 
stick is being stolen. On 
the whole, the device was 
a huge improvement from 
the manual white cane used 

normally. It led to a lot 
of excitement among 
the children of a blind 
school who started 
using it.

The smart walking 
stick won the 1st prize 
in the engineering 
category in the 
Intel Science and 
Discovery Fair in 
2003, and Sanket and        
Prashant walked onto 
the stage almost a 
year later to receive 
a prestigious award 
from the National 

Innovation Foundation in 
Ahmedabad.
“Till now nobody in our 
family has done anything 
innovative”, chuckle Sanket 
and Prashant, hoping that 
people would take a cue from 
them and work on making 
something that has social 
impact as well. Something 
that can potentially get the 15 
million visually challenged 
in India to “walk free” on the 
streets must surely be a hard 
feat to match!

Story by The Alternative (http://thealternative.in), an online publication that 
seeks to bring mainstream focus to social issues in India.

layout and artwork: Pencil Sauce
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Let’s see how many 
birds you can find 
hidden in this jungle!

Hi! It’s me, Thumbi!
Nice to see you back 
here again!

Learn more and find other fun activities at        w
 36
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PSST!!
I counted 6. See if you 
can find them all!

at        www.earthwave.in

Step1- Go to a computer with a webcam

Step2- Go to the web adress:

www.earthwave.in/brainwave 
and click on this month’s magazine

Step3- The website will ask if you want 
to allow it to use your webcam. Please 
allow it to do so. 

Step4- point this black and white bird  
at the webcam, and see what happens!

ed 6. SeSee ie ie if yf yf yyououou
cancan fifi dnd d thethem am all!ll!

PSPSPSSSTSTSTST!!!!!!
I countedted 6.6. SeSee ie f y

Oye, thats not all! 
There’s more to do!

37February 2011
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SF
story by Shreekumar Varma

artwork by Rajiv Eipe

All kinds of things were happening…
First, the door fl ew open. On its own! A 

locked door! Mummy was in the kitchen 
with my breakfast. “Tishoo—Tishoo—
TISHANI!” “Yeah, Mom!” She made me 
eat everything she’d made, and I still felt 
famished. That’s the kind of day this was 
going to be!

In the school bus, Arti (who wasn’t taught 
how to stay in one place) leaned so much 
out the window her face would surely have 
smashed into a pole. I just said ARTI! Not 
loud or anything, and she was whisked 
in, as if invisibly. Everyone stared. No one 
heard me, so they just thought she’d saved 
herself. 

I waited breathlessly for more, but classes 
went on normally. Simbu (Sinbad the Sailor 
alias Gunaseelar) was caned, Little Johny 
(K. J. Janakaraj) was told, “Never darken 
my class again!” and Shilpa forked Ratty’s 
(Rathi Menon) gulab jamun with her 
compass. Everyday things. I began to feel 
normal again.

“Tish! Tish!” 
“Yes, Mom---”
The class chortled. My voice had risen 

sharply. Mrs Gyaarah Singh frowned. She 
raised a cold eyebrow. “I’m not your mom.” 
A chill fi lled the room. I could have sworn 
it! Yes, Mummy was at the entrance, calling 
me. I’d seen her! Where did she disappear? 
It was weird! 

God, someone get this glaring Gyaarah 
out of here!

The thought barely formed in my head 
when the peon walked in. “Madam, 
Principal sir wants you in his room now.”

I was trembling!
And then, as if someone, somewhere, felt 

sorry for me, I got my answer. Mini Miss 

(tallest Physics teacher in the world) said: 
“Tell me, who’s seen Hampi?”

I put up my hand. “I went last month.”
“You did? And what did you do there?”
“I—um—sat on the rocks and got hurt. It 

was so hot!”
“Right!” she said hastily. “Listen to this! 

I’ll briefl y tell you about the CH Effect. The 
Chameleon Hampi Effect.” I was so stunned 
by her next words, they kept striking me 

lik
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surroundings. They adapt. Armed with 
human qualities, it’s even possible to change 
your surroundings.”

“Never heard of it. How’s that possible?” 
whispered Video Balan (the only one 
in class with his own video camera). 
“Chameleon become human? And vice-
versa? Hah. Hah. Hah.”

“And their eyes! Upper and lower eyelids 
are joined, with just a pinhole for the pupil 
to see through. They can rotate and focus 
separately. See two things at the same time! 
Which means a 360-degree vision!”

“I suppose the sadhu had all that!” 
smirked Video Balan.

“The sadhu had all that,” Mini Miss said. 
“He was the fi rst scientifi c subject of the 

IIIInnnnn ’’’777888---’7777799999, ttttthhhhheeeyyy dddiiiddd sssoooommmmmeee rrrrreeeessseeeaaarrrccchhhh
innnnn ttthhhhheee aaaaarrrrreeeeeaaaaa aaaaannnnnddd fffooouuunnnnnddd ttthhhiiinnngggggs

aaaaabbbooouuuttttt ccchhhhhaaaammmeeellllleeeooooonnnnnsss ttthhhhheeerrreee———gggeeennneee
tttrrrrraaaaannnnssssfffeeeeerrr,,, ttttthhhhheeeyyy rrreeepppooorrrrrtttteeeddd..

e 
d 

like random arrows. 
“It happened in Hampi---at fi rst everyone 

believed it was a miracle, being a place of 
temples and all. It was also some sadhu to 
whom it happened fi rst---he merged with 
the surroundings! Don’t look so shocked, 
he did. He found he could infl uence things 
around him. In ’78-’79, they did some 
research in the area and found things about 
chameleons there--- gene transfer, they 
reported. Look that up. Tell me when you 
come next Wednesday.” Mini Miss loomed 
over us with a lovely smile. One day, she’ll 
kill us with assignments. “Ground lion, if 
you know your Greek. Chameleon. Khamai 
is “on the ground”. Leon, of course, is 
“lion”. That’s why they’re kings of their 

CH Effect Research Initiative. And because 
he already had some, well—powers, he was 
able to know what his surroundings held for 
him.”

“Meaning?” I asked before I could stop 
myself.

“Aha, Tishani!” said Mini Miss. “Meaning, 
he could merge into his surroundings, and 
realize their nature before actually seeing 
or knowing them.”  

This had become a really, really freaky 
day!

And when I got into the bus and Simbu 
crept up from behind to push me away and 
grab my window seat, I swear I saw him 
fi rst, turned back and pushed him away! 
Which was easy, because he was so stunned 
that he offered no resistance at all. It was 
like practicals for 360-degree vision! He 
sat directly behind me, and I could see his 
sulky face all the way till the bus reached 
his stop.

February 2011
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GLOSSARY

p04  Streamlined: designed in a manner 
that offers little resistance to the fl ow of air 
or water

p08  Cyborg: a person who is part 
machine

RFID: Radio-frequency identifi cation

Interface: the connection between a user 
and a machine

Electrode: the terminal through which 
electric current passes between metallic 
and nonmetallic parts of an electric circuit

p10  Empathy: the identifi cation of the 
thoughts, feelings, or state of another 
person 

p11   Finch: a bird of the family 
Fringillidae, seed-eating birds, native 
chiefl y to the Northern Hemisphere and 
usually having a conical beak

Shrike: a songbird with a strong sharply 
hooked bill, which preys on small birds, 
lizards and insects

Skepticism: an attitude of doubt and 
disbelief

p12  Siphon: transfer or draw off

Rotifer: a minute multicellular aquatic 
animal

Manoeuvre: carefully planned scheme or 
action

Menagerie: a collection of live animals for 
study or display

Bilateral: having identical parts on each 
side

Invertebrate: an animal without a 
backbone

p16  Gallantly: in an honourable manner

p17 Galvanic Skin Response: an 
indicator of emotional state, through the 
measure of the change in the ability of the 
skin to conduct electricity due to the change 
in the functioning of the sweat glands

Visuospatial Processing: understanding 
and interpreting the positions and 
relationships of objects within the space 
around them

Voluntary: conscious

p18  Alacrity: eagerness and enthusiasm

Sensory perception: the understanding of 
information gathered by the sense organs

p19  Visual fi eld: the space that can 
be seen by one eye without changing its 
position

p22  Seizure: an attack of intense and 
involuntary muscle contractions

p23  Auditory: relating to hearing

Coordination: the act of making different 
things work together towards a goal

p24  Fatal: ending in death

Coma: state of sleep from which one may 
not wake up

p25  Probe: a device, used to explore, 
investigate or measure

p26  Protoplasm: a semi-fl uid, 
transparent substance which is the living 
matter of plant and animal cells
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Email your funniest captions, with ‘said one 
brain to the other’ in the subject line, to 

brainwave@ack-media.com by 02/03/2011. Three 
winners will get goodie bags!

How did the second brain respond?
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LIONS OF ZAMBIA, 
EVIL SCIENCE, 

D.I.Y. ROAD ROLLERS, 
CICADAS AND TONS MORE!
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Glowies - Drag your feet all you want with these 
glow-in-the-dark shoes! Powered by the static 
electricity produced when the soles of these shoes rub 
against the fl oor or a carpet, it’s the ultimate weapon 
against the monsters of the dark! Kick the night away 
with Glowies!

No.100. 
Price: 400 Picofarads (or) Your Sole

The Battery of Life 
- Tired of having to 
constantly recharge 
or throw away dead 
batteries? The Battery Battery 
of Lifeof Life never dies! 
It lives forever and 
ever. And ever. How? 
You tell us! The most 
scientifi cally accurate 
guess will win a big 
prize!

Numberless
Priceless

Miniature Cow - Fits in your pocket!* (*Depends 
on size of pocket.) The mini cow produces endless 
amounts of milk and dung, if fed properly. The dung 
can be used as a fertiliser or as fuel that produces 
heat and electricity. You can use the milk to grow 
taller, remove kitchen stains, polish silver and shine 
your shoes.

No.38810. 
Price:   300/-

Space Monkeys - Magic dust that grows into teeny 
simian-like creatures when exposed to neutrino 
radiation from the Sun! Watch them multiply, throw 
poop at each other and rewrite Shakespeare’s plays on 
nano-typewriters!

No. 384-80  
Price:   1942/-

Solar TalkaTee - Made 
of material that absorbs 
energy from all colours 
of the rainbow. This 
energy is converted into 
electricity which is used 
to power a tiny hands-
free mobile phone that 
is wired into the T-shirt 
collar. Make everyone 
think you’re mad by 
constantly talking into 
your Solar TalkaTee!

No. 43556  
Price: Call us to fi nd out.

Tesla Coil v.2.0 - Startle your friends and family 
with this wireless power transmitter! The moment 
they walk into its fi eld of radiation, their phones and 
laptops will start charging automatically! How very 
strange!

No. 1119732  
Price:   1856/-

For more details on our products, write to: Somnium Inc., #42, Narlikar Plaza, Plot no.1966, Kepler 
Avenue, Chiba City - 6EQUJ5, Zemeckistan.
PLUS! SHARE YOUR WACKY GADGET IDEAS WITH US AND WIN PRIZES! MAIL THE BLUEPRINTS 
FOR YOUR STRANGE AND WONDERFUL INVENTIONS TO BRAINWAVE@ACK-MEDIA.COM.
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Dear Reader,
March 14 is a very special date for science lovers. For one 
thing, Albert Einstein — one of the greatest scientists 
who ever lived and also one of my personal heroes — was 
born on this day. We at Brainwave, in our own small way, 
are commemorating his 132nd birthday with a thrilling 
time travel adventure in which young Alby — who now 
interns at Brainwave Labs — has a pivotal role to play. 

The other reason March 14 is special is because it’s 
Pi Day. (Why? Because 3.14 is also how the decimal 
notation of pi begins). Pi is perhaps the most infl uential 
mathematical constant ever. (Coincidentally, pi is an 
integral part of Einstein’s famous fi eld equations that 
describe the properties of spacetime, among other 
things.) Aryabhata, the ancient Indian mathematician, 
also spent a considerable amount of time approximating 
the value of pi, arriving at the understanding that pi is an 
irrational number. Young Aryabhata, or Arby, is another 
central character in our cover story this month.

A favourite Pi Day activity for science geeks around the 
world is the baking of pi-themed pies. We plan on baking 
our own pi pie as well, here at Brainwave. Why don’t you 
do the same? When we’re all done, let’s take photographs 
and compare our pies. The pie with the most accurately 
circular diameter wins! Are you game? You can email us 
your pi pie pics at brainwave@ack-media.com.

Elsewhere in this issue, we have refrigerators made of 
clay, mini road rollers, angry tapeworms, majestic lions 
and lots else. Curious? Off you go, then.

Scientifi cally,

Vinayak Varma, Editor
vinayak.varma@ack-media.com

3.1415926535...

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover design by 

Vinayak Varma

Artwork on cover by 

Prabha Mallya / 

Pencil SaucePrinted at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 

Scientifi cally,

Viinaayak Vaarma, Editor
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The Brainwave Student Advisory Board:

Ishan Bhatt, Sanket Marwah, Simran Singh, Rishi Balasaria, Pooja Yadav, Sharang Parekh, 

Ananya Gouthi, Ninaad Adhvaryu, Rahul Patel and Rahil Koshti from The Riverside School, 

Ahmedabad and Parina Muchhala and Krisha Shah from Gopi Birla Memorial School, Mumbai
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“I just got your magazine from a friend of mine. I must say, it is mind 
blowing! Science really interests me. I have already written for several 
newspapers and a magazine. And a concluding request: I too would like to 
be in the student advisory board! I hope I’m not let down!”
— Parina Muchhala, Gopi Birla Memorial School, Mumbai (via email)

“I am interested in joining your advisory team. This magazine is amazing. 
It has many different, creative and innovative ideas!”
— Krisha Shah, Gopi Birla Memorial School, Mumbai (via email)

Dear Parina and Krisha,

Groucho Marx, the great comedian, once sent an angry telegram to the Frair’s 
Club that read: “Please accept my resignation. I don’t want to belong to any club 
that will accept people like me as a member!” It’s obvious that neither of you 
possess the good sense that Groucho did, and we at Brainwave couldn’t be happier 
for it! Yes, the results are just as you predicted! We’re thrilled that you’d like to 
join our team of student advisors, and we’d love to have you on board! Having 
enthusiastic young talent working with us can only increase our reputation!

The young scientists that currently comprise the student advisory board have 
been giving us lots of cool ideas for Brainwave over the past few months, and 
they’ve been super about it. But being part of an elite group can often get lonely 
and dispiriting. Your entry to the board will be just the kick in the pants they’ll 
need to get some new inspiration going. Now it only remains for the both of you to 
get your best boffi n wigs on and think up some amazing science for us.

And just so the rest of you readers aren’t left behind in all this, here’s some 
even cooler news: in light of recent developments, we’ve decided to throw the 
doors to our student advisory board open for general membership. All you need, 
if you should decide to apply to this distinguished club, is a sound mind, a refi ned 
irreverence and a keen scientifi c spirit. A little extra enthusiasm wouldn’t go 
amiss either! You can apply for membership at brainwave@ack-media.com (put 
‘Student Advisor Alert!’ into the subject line of your email) or snailmail us at: The 
Student Advisory Board, Brainwave Magazine, Amar Chitra Katha Pvt. Ltd., # 
254, 2nd Floor, 6th Cross, 1st Stage Indira Nagar, Bangalore - 560038.

— The Editors, Brainwave

New advisors! New advisors!
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EUREKA!

Solutions to ‘I.Q.’ (Issue 3, page 30)

In 1816, Scottish inventor, Sir David Brewster, came up with an invention that means ‘beautiful form 
watcher’ in Greek. Can you guess what he invented? 
Hint: It produces a variety of colourful images that are always symmetrical.
A: Kaleidoscope. 

It is something that’s put in your cola. It is also pretty toxic and one of the reasons why your mother 
asks you not to drink fi zzies! This molecule’s chemical structure had foxed scientists for a long time. 
Till a German chemist, Friedrich Kekule, had a reverie about a snake seizing its own tail one 
sleepy afternoon. This ‘brainwave’ led him to crack the structure of the molecule. Which mystery 
molecule is this?
A: Benzene

The Swedish chemist Jöns Jakob Berzelius named this element after the Norse God of War. It is  
radioactive (a property which was fi rst discovered by Marie Curie. Incidentally, 2011 is exactly
100 years after Curie was awarded the Nobel Prize in Chemistry), a nuclear fuel, and India happens to 
be rich in it. Which future energy source are we referring to?
A: Thorium

In 1842, Richard Owen named this species “terrible lizard” in Greek. We now know that not all its 
members were terrible, and none of them were lizards. They are considered to be the precursors of 
birds, and they went extinct 65 million years ago, probably due to a meteor strike on earth. What are 
we talking about?
A: Dinosaurs

Benjamin Franklin is credited with the invention of bifocal lenses. But he is famous for yet another 
discovery that was inspired by his famous ‘kite experiment’. What did he discover?
A: The kite experiment in 1750 led Benjamin Franklin to prove that lightning is actually an 
electrical current in the sky.

The only person to answer all fi ve questions correctly was - D.D. Jimulia from Mumbai. The 
I.Q. for issue 2 was answered correctly by C. Lakshmi Narayana of Pune, who was also the only 
person to answer all questions correctly.
(This quiz was set by P.S. Rajagopal)

Solution to ‘The Great Switcheroo’ (Number Theory, Issue 2, page 31)

Take any room number, say 12. How many times does the switch get fl icked off and on? 
As many times as there are factors of 12. The factors of 12 are 1, 2, 3, 4, 6 and 12 - meaning, there are 
6 factors of 12. So the switch will be fl icked off. Why? 
Just count - on, off, on, off, on, off - the sixth fl ick is ‘off’.
So for any room, if the number of factors of that room number is even, it will be switched off. If it has 
an odd number of factors, it will be switched on.
All numbers execept perfect squares will have an even number of factors. Why? 
Because factors come in   pairs - e.g. 12 = 1x12, 2x6, 3x4. These factors come in pairs and the total 
number of factors is always even. Except for perfect squares like 4, 9, 16, 25. Because in one of the 
pairs, both the factors are the same, like 25 = 5x5 (5 is only one factor, not two!!)
So, how many perfect squares are there between 1 and 100? 
There are exactly ten: 1, 4, 9, 16, 25, 36, 49, 64, 81, 100. So, ten rooms will have their lights on at the 
end of the game.

The readers who got this puzzle right are Divyansh Bhutra and Uwais Ulde.

C. Lakshmi Narayana from Pune also wins a prize for suggesting a smart technique to make the 
‘Piggy Fly’ (Contest, Issue 2). The contraption uses only paper and a paper clip! Log on to 
www.brainwavemagazine.com to see how the idea works.

March 2011

brainwave4.indd   7brainwave4.indd   7 21-09-2012   14:19:0121-09-2012   14:19:01



DODO!! Dr. DODO!! 
Where have you 
gone off to, old 

fellow?!

script by VINAYAK VARMA
art by PRABHA MALLYA / PENCIL SAUCE

Skreee!! 
Dr. Skreee!!

Dr. Do... er.
Yes, Alby?

Skreee!! It’s 
Dr. Dodo! Dr. 
DODO! He’s...

Yes, yes, I 
know, Alby! I 
can’t fi nd him 
either. I have 
no idea where 
he’s gone off 

to now!

No, Skreee!! 
I mean, yes, 

Skreee!! He’s 
been missing, yes! 

oh?

Come, follow 
me! Come see 

what I’ve 
found!

But I know 
where he is!

I say! What are 
you...? ARBY! 

You’re not 
supposed to...!

huh?

No time for 
that, Dr. Skreee!! 
There’s no time to 
waste! Arby! Stop 
whatever you’re 

doing and come with 
us! Come 

quick!

Over here, 
Skreee!! You 
HAVE to look 

at this!!

?!

Deep under the Dolphin’s Nose 
Promontory in the Nilgiri Hills, 
down in Brainwave Labs. A crisis.

06

THE ENERGY QUESTTHE ENERGY QUEST
Young Albert Einstein, brought 
to the future in Dr. Dodo’s time 

machine. (See issue 1 of Brainwave 
for the full back story!)

Young Aryabhata, also 
from the past.
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Oh my! This is 
not good!

        Alby, you go to 
Dr. Dodo’s study and 

start looking for anything 
that remotely resembles 

Dr. Dodo’s drawing of this 
OCGS machine.

Not good at 
all!

Arby, you head down 
to the Todagramam village 
on the Dolphin’s Tail and 

ask Chief Thalai to 
summon Bhoo. Tell him 

it’s urgent!

Meanwhile, I will start 
looking up a couple of other 

high energy sources, in 
case we can’t fi nd the dodo’s 
OCGS              thingummy.

If you want to stay and 
help Dr. Skreee!! look up 
other energy sources, 
turn to page 22.

If you’d rather go with 
Arby and summon the 
amazing Bhoo, turn to 
page 14.

If you want to head 
to Dr. Dodo’s study 
and help Alby fi nd the 
OCGS, turn to page 32.

Here’s what 
we’re going 

to do. 

07

A message from 
Dr. Dodo!

March 2011
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Lions 
of Luangwa

Nithila Baskaran travels into the heart of the 
African wilderness for a close encounter with the 

kings of the jungle

ANIMALIA

08
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The excitement mounted as the small eight-seater airplane 
prepared to land at the tiny airport at Mfuwe, the gateway 
to the South Luangwa National Park (NP) in Zambia. This 
was our fi rst visit to an African wildlife reserve and the guide 

books had described South Luangwa National Park as “pristine 
Africa without the crowds associated with the more famous parks of 
east and southern Africa.” 

Beyond the tiny town of Mfuwe, people become very scarce as the 
fl ood cycle of the Luangwa River, one of the biggest rivers in Zambia, 
makes for terrain that is too harsh to live in. The river, which 
originates near the border of Tanzania and Malawi, is one of the few 
intact or unaltered river systems in all of Africa. One of the major 
tributaries of the mighty Zambezi, the Luangwa River travels over 
800 km becoming wide and meandering, forming several U-shaped 
bodies of water called ‘oxbow lagoons’ along the way. The fl ood 
plains near Mfuwe are about 10 km wide, and in several places, 
become isolated pools. I only had vague memories of studying about 
oxbow lagoons in school and here they were, these horseshoe lakes. 
Once part of the river, and cut off by years of erosion, they are now 
home to hundreds of hippos and Nile crocodiles.

The drive from the airport to the entrance of the National Park was 
through picturesque countryside and our fi rst glimpse of the famed 
animals of South Luangwa NP came as we waited to complete the 
entrance formalities on the bridge that spanned the South Luangwa 
River. The grey ‘rocks’ in the middle of the muddy river suddenly 
took on a new level of interest as one of our companions identifi ed 
them as hippopotamuses. (Continued overleaf)

09March 2011
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The Luangwa valley lies at the tail end of the 
Great Rift Valley formed 65 million years ago 
by earthquakes and volcanic eruptions that 
nearly succeeded in dividing Africa in two. 
What started as a natural disaster millions 
of years ago, is today one of the greatest 
wildlife spaces in Africa. The South Luangwa 
Park covers a massive 9050 square km and 
is dominated by fl ood plains and savannah. 
This spectacular park is home to 60 mammal 
species and 400 bird species with endemics 
(animals and birds only found in a particular 
region) like the Thonicroft’s giraffe and 
Cookson’s wildebeest. 

Once known to have one of the largest 
concentrations of black rhinos and elephants 
in Africa, the park saw its dark days from 
the mid 70s to the mid 80s. Poachers, who 
decimated the elephant populations and 
hunted the black rhinos to extinction, turned 
this incredible park into a slaughterhouse. 
It is estimated that 30,000 elephants were 
poached for ivory over a period of 10 years. 
Today, however, the park is considered a 
major conservation success. In the last three 
decades, the ivory ban coupled with effective 
patrolling has seen the 
population of elephants rise 
up to about 20,000. 

Our camp, located inside 
the national park, was set 
among shady ebony trees, on the banks of 
an oxbow lagoon. We were enthralled – from 
our rooms, we could see giraffes, zebras, 
waterbuck and birds of all kinds. For the rest 
of the stay, we referred to our verandahs as 
the “sitting safaris”! 

Early next morning, our safari started off 
with great anticipation – our guide was 
extremely knowledgeable about the fl ora 
and fauna in the park. As we drove by, 
we could see hippos in the water, Nile 
crocodiles basking on the sandbanks, 
zebras grazing, giraffes, impala, puku (a 
small antelope found only in Zambia and 
parts of the Democratic Republic of Congo) 
and a profusion of birds. I was struck by 

the contrast between the parks I had been 
to in India and this one. For starters, the 
savannah made for great visibility. Secondly, 
the population density of the species was 
immediately noticeable. And fi nally (and 
to my great delight), the opportunities to 
observe animal behaviour were abundant. 

One evening, on our drive we watched a 
pride of lions by the river – grooming, 
stretching and lazing about – looking like 
they were ready for a good night’s sleep. We 
continued to see some exciting sightings of 
feeding hyenas, and stopped by an oxbow 
lagoon to watch the sunset. As it was getting 
dark, we decided to make our way back to 
the camp. All of a sudden, there was a fl urry 
of activity at the riverside. The lionesses in 
the pride we had watched earlier had just 
brought down a zebra. The smell of dust 
and blood hung in the air. The lionesses sat 
by with an air of accomplishment while the 
cubs fed on the kill. Soon the cubs were so 
full they could barely walk and we watched 
as they, almost comically, stepped away from 
the hunted zebra and fell on their sides. 
Their cubs sated, the lionesses stepped in 

and fed in turns. We watched 
them by the jeep headlights, 
and not wanting to disturb 
them anymore, left the 
scene. 

As we drove back in silence, replaying the 
images of the evening in our minds, Andrew, 
our guide and driver, stepped on the brakes. 
“Lion,” he whispered, and into our line 
of vision walked a massive male lion. He 
proceeded to settle down on the sand about 
ten feet away from the vehicle. We cut the 
engine just as he let out a massive roar. 
We could feel the vehicle shake. Awestruck 
by the power of the sound, we listened 
spellbound as the king of the African jungle 
continued his performance for the next ten 
minutes. Dominant male lions often use 
this form of vocalisation to maintain their 
supremacy over a territory. We were left in 
no doubt that we were indeed the trespassers 
in his domain. 

Andrew, our guide 
and driver, stepped on 
the brakes. “Lion!”, he 

whispered
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The bicycle is such a 
marvellous invention. 
Dr. Dodo says it’s the 
most energy effi cient 
form of transport. 
Every time I push down 
on a pedal, the bike 
takes the energy I apply 
and triples it. Almost 
all the energy I apply 
is used by the cycle 
— nothing’s wasted! 
And best of all, I can 
travel an average of 15 
kilometres on a cycle 
with just the amount 
of energy it takes 
to power a lightbulb. 
Brilliant!

Wow!

Other vehicles, like cars, 
aren’t so effi cient. A car 
may need an entire litre 
of petrol to carry me for 
the same 15 kilometres. 
And just fi nding that 
litre of petrol is so 
diffi cult and expensive. 
Crude oil, formed from 
centuries of compressed 
fossil deposits, needs 
to be dug out from 
deep under the soil and 
refi ned to make petrol. 
There isn’t much of these 
fossil fuels left in the 
world, so it’s best if we 
don’t rely too much on 
them, no?

My bike, on the other hand, is 
powered by the food energy my 
body created from the dosa I 
ate this morning. And all this 
cycling’s not only loads of 
fun, it’s keeping me healthy and 
making my muscles stronger!

I wonder if we could 
invent a car that can run on 

plants and is powered by 
muscles instead of machine parts!
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Like 
this!

well, 
almost!
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Oh, look! 
That’s another 

wonderful 
example of 

how energy 
can be gained 
from a set of 

wheels. Except 
that in this 

case, instead 
of dosa-power, 

it’s gravity 
that’s driving 

the wheels.

When this dam’s gates are opened, its stored water 
(full of potential energy! ) falls on a wheel and 
makes it turn. The wheel then makes a turbine 
rotate. The turbine, in turn, causes an electrical 
generator up there in the power station to spin. The 
generator is just an electromagnet inside a coil of 
copper. The spinning of the electromagnet makes 
the electrons in the copper fl ow out — generating 
electricity! Simple and beautiful!

Dr. Dodo says that nearly a 
quarter of the world’s 
electricity is provided by 
hydro-electricity from 
waterfalls and dams. It’s 
considered clean energy, 
but sometimes, it also 
causes problems.

The doc says that really big dams can make really 
big trouble. These dams usually build up massive 
reservoirs of water that can fl ood entire valleys, 
displace or drown thousands of people, make 
endangered species extinct, cause earthquakes and 
landslides, and completely upset the 
ecology of a region.

And then Dr. Skreee!! keeps talking about the 
Three Gorges Dam across the Yangtze river in 
China. She says it’s the largest hydro-electric 
project in the world, and that it has created a 
reservoir of water so heavy that it could end up 
slightly tilting the Earth’s axis! Crazy!
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Dr. Skreee!! says 
the other way of 
getting energy 

from water is from 
waves and tides.

Wave energy can be 
harnessed for as long as 
the Moon keeps spinning 
around the Earth. The 
Moon’s gravitational pull 
on the Earth causes tides 
on its surface water, and 
these tides can be mined 
for energy.

Wave energy would be good for us if only we can overcome 
its disadvantages. Tidal energy plants are expensive to 
set up and can be damaging to the marine ecosystem. The 
other obvious problem is that these power plants can only 
generate energy when the tides come in, which is only for 
part of each day.

For instance, Minesto, a Swedish company, has developed 
a technology called Deep Green that fl ies “sea kites” from 
deep under the sea. These kites have giant 36-foot wings 
that spin around, and each kite can generate 
500 KiloWatts of electricity per year. 
Can you think of more such brilliant ideas?
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There are always cool 
solutions for every 
problem, though, if you 
only think hard enough 
about it. 

16

brainwave4.indd   18brainwave4.indd   18 21-09-2012   14:19:3121-09-2012   14:19:31



e 

y 

m 

The coolest wheel-spinning 
power source, IMO, is wind 
energy. I’ve been reading a lot 
about it lately. It seems that until 
recently, people thought that wind 
energy could only be produced by 
windmills. But much is about to change, 
as you’ll soon see. Windmills, like hydro 
power plants, also have large blades 
set in wheels that drive turbines. And the 
turbines, as always, turn electromagnets 
that free a bunch of electrons and set 
off an electrical chain reaction. The 
difference is that, instead of water, 
the fl uid that drives these turbines is 
wind. Wind, of course, is clean and green 
and freely available!

Windmills too have problems, though. 
For one thing, their energy production 
depends entirely on the weather – and 

it’s always diffi cult to predict the 
comings and goings of the wind. Plus, 

to get enough wind energy to power 
all our homes, you’ll need hundreds 
of thousands of windmills working 

together — huge windfarms — which 
can be expensive to set up and maintain. 

Of course, there’s new tech being 
developed that can change all that.

Today’s scientists have 
developed many new ways 
of harnessing wind energy 
for the future.
Like the Kyushu University 
professor Yuji Ohya’s 
giant spinning offshore 
turbines:  

or Cornell University’s 
small vibro-wind panels 
that convert wind 
vibrations into electricity:

or graceful forests of 
tall swaying Atelier DNA 
Windstalks.

17March 2011
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Um... Chief 
Thalai?

Chief Thalai! 
Chief Thalai! 
I come with 
an urgent 
summons 

from 
Skreeeee!! 

We need... We 
needaaa....baaa... 

baaah.... bbbehh....

Bhhuh... uh... 
Bhoo?

Yes, that’s me. 
I’m Bhoomi. 

Who’re you?

over 
there.

18
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To spy on Skreee!!, 
turn to page 22.
to see how it all ends, 
turn to page 32.
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In the winter of 1921, Thomas Midgley, 
Jr. was working as an engineer in a 
General Motors (GM) research lab. One 

evening, while experimenting with chemical 
additives, young Midgley found that adding 
a substance called TEL to petrol made 
automobile engines less noisy while starting 
up. TEL, snappily sold as ‘Ethyl’, turned out 
to be a big success. The noiseless new Ethyl-
fortifi ed petrol did good business for years 
and was sold all across the globe. 

THE LIFE AND DEATH OF 

Midgley hadn’t properly researched all the 
effects of his little chemistry experiment, 
though. Ethyl, unfortunately, was only one 
part of TEL. TEL expands fully to the lethal 
‘tetra ethyl lead’. And lead, as you may 
already know, is hugely poisonous to the 
human body. It slowly kills all your major 
organs and destroys your nervous system. 

Lead is also thought to be a direct cause of 
cancer. By putting his anti-knock additive 
in petrol, Midgley introduced massive 
quantities of lead to the air we breathe. It 
has polluted our environment, damaged 
our health and reduced our lifespans. 
We continue to live with the ill effects of 
Midgley’s fi rst major discovery.

When GM realised what a horrible new 
technology their employee Midgley had 
helped invent, they shifted him out of the 
gasoline lab and put him in another division 
— the study of refrigerants. In 1930, Midgley 
came up with a cool new refrigerant, and he 
gave it an appropriately cool-sounding name: 
‘Freon’. Freon worked such wonders that 
people started using it all over the place — 
as coolants in refrigerators, in propellants, 
solvents, spray cans, inhalers and much else. 
It was Midgley’s second big breakthrough. 

Freon too had a nasty secret name, an evil 
tongue-twisting alter ego: ‘dichloro-difl uoro-
methane’. Dichlorodifl uoromethane (say it 
three times fast!) is a chlorofl uorocarbon, 

SCIENTIST
THE WORLD'S MOST
DANGEROUS

EVIL SCIENCE

story and artwork by Vinayak Varma
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or a CFC. And CFCs, scientists have realised 
in time, eat away large chunks of the ozone 
layer, our main shield in the sky against 
harmful ultraviolet rays. 

Ultraviolet rays are today known to cause 
skin cancer in humans. They also accelerate 
the greenhouse effect, leading to global 
warming, weather changes, the melting of 
the polar ice-caps, rising water levels and 
a future of natural disasters, drought and 
disease. 

In a single lifetime, Thomas Midgley, Jr. 
had engineered two of the most destructive 
chemicals known to man. Midgley’s death at 
the age of 55 was equally dramatic. Stricken 
by polio, he invented a complicated system 
of ropes and pulleys to help nurses lift him 
off his sick bed. One day, while struggling 
to work his machine, Midgley somehow 
succeeded in entangling himself in its many 
ropes. The more he struggled, the tighter 
grew the ropes, and poor Midgley was 
strangled to death.

A refrigerator is a cooling apparatus. It 
requires a lot of electricity to preserve 

food and drink by cooling it and providing an 
effective shield against fungi and bacteria. 
But that’s the old story!

Mitti Cool is 
a refrigerator 
which cools 
your water and 
keeps your 
vegetables 
fresh without 
using 
electricity! 
Invented by 
Prajapati 

Mansukhlal Raghavji, a potter from Gujarat, 
Mitti Cool is the common man’s refrigerator.  
It is made of clay and is energy effi cient. This 
‘fridge’ has a 10-litre water tank at the top, 
while the lower part has a chamber which 
can be used to store vegetables or other 
eatables. The device works on the principle 
of evaporation. As the water evaporates, 
through the pores of the clay, it not only cools 
the water itself, but also the contents of the 

lower chamber. Mitti Cool also preserves the 
original taste of fruits and vegetables better 
than a regular fridge. 

The idea for such a fridge struck Prajapati 
during the devastating 2001 Gujarat 
earthquakes, when all his earthen pots 
broke. He recalled someone saying that “the 
fridges of the poor are broken”. “At that time 
it occurred to me — why not make a fridge to 
serve the needs of the poor?” says Prajapati.

Born into a potter’s family in a village called 
Nichimandal in Morbi, it was only natural 
that Prajapati would have a future career in 
pottery. After completing his tenth standard, 
he started a manufacturing factory in 1988 
with a small loan of `30,000. He started work 
on the electricity-less fridge in 2001, and was 
fi nally successful in 2004. 

Prajapati Mansukhlal Raghavji received 
the National Award in 2009 from President 
Pratibha Patil, and several other accolades 
from the community. Prajapati sells his clay 
refrigerators for `2500 and exports them to 
the US, UK and Africa too. He has now begun 
work on non-stick frying pans and pressure 
cookers — all with clay.   

Mansukh Bhai can be contacted at 02828 
221156 OR www.mitticool.in

This story is by The Alternative (http://thealternative.in), 
an online publication that seeks to bring mainstream 
focus to social issues in India.

A NON-ELECTRIC 
FRIDGE? COOL!

by Shreya Shrinath

GRASSROOTS
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It had been a terrible few days in the 
small intestine. Suresh had an upset 
stomach, and had been living on an 
extremely boring diet of curd rice and 
glucose drinks.

What, Ma? Making 
me eat this while you 
hog in front of me. 

So mean!

I HATE this 
intestine! I can’t 
believe I got that 
lousy fuzzworm 

to the brain, but I’m 
STILL... here !!

And so Brinda 
scaled the great 

Mount Oesophagus 
and made it at last to 

her Kingdom
of brain !!!!

YOU ?!

Ow! Ma! What you hit me on the head for?

But I
 didn’t!

Lousy …!!! 
... kingdom … stealing …!!!

ItI  had been a terriblel ffewe  days in tthee 
small intestine. Suresh had an upset 
stomach, and had been living on an 
extremely boring diet of curd rice and 
glucose drinks.

script by shalini 
srinivasan
art by prabha mallya

*For the fuzzworm story, 

read issue 3 of Brainwave!

to be continued   

21March 2011
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Nuclear 
fi ssion occurs 

when an atom splits 
into smaller parts. Fission 

produces vast amounts of heat and 
energy. (When a nuclear bomb explodes 

from a fi ssion reaction, the heat it produces 
can destroy entire cities, as seen in Hiroshima 
and Nagasaki, during the terrible and tragic 
last days of World War II.)

When created in a nuclear power plant, 
though, heat produced from fi ssion causes 
water to turn into lots and lots of steam. 
This steam is powerful enough to turn 
turbines, producing electricity. (go on a cycle 
ride with Arby to learn more about turbines, 
back on page 15.)

The trouble with nuclear power is that it 
runs on dangerous radioactive materials 
that can cause radiation poisoning in people 
and animals. It also needs enriched uranium 
— U-235 — to cause the fi ssion reaction. But 
U-235 is really hard to fi nd. Only 1% of the 
uranium found in nature is of the U-235 type. 
(around 99% of the uranium out there is of 
the U-238 type, which cannot sustain a proper 
fi ssion reaction.) 

And a nuclear reaction also produces lots 
of radioactive waste, which is harmful to the 
environment and diffi cult to dispose.

Coal energy works a lot like nuclear 
energy: burning coal turns water into steam 
that spins turbines. But coal reserves are 
reducing fast, so this form of energy cannot 
last very long. Also, coal energy causes lots 
of air pollution and leads to global warming.

geothermal (geo: earth, thermal: heat) 
energy uses heat that is stored inside the 
earth to drive turbines. This kind of energy 
is thought to be clean and environmentally 
friendly. It is virtually endless, and can be a 
great future source for all our energy needs.

Continued from page 7 / 18
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Watch Bill Gates’ TED talk at: 
http://www.ted.com/talks/
bill_gates.html

In 2010, Bill Gates, the billionaire philanthropist and founder of 
Microsoft, gave a talk at the annual TED conference. He spoke of a 
new company that he had invested in, called Terrapower, and some of 
their ideas for the future of nuclear energy. This involved a ‘travelling 
wave reactor’, a kind of reactor that could combine all the best parts 
of nuclear energy while overcoming all the bad parts. It would be 
small, easy to maintain and give off a high energy output, and it would 
recycle all its own waste.

The Travelling Wave Reactor: A nuclear power 
plant that is its own waste disposal solution. 

“The idea of Terrapower is that, instead of burning a 
part of uranium, the 1%, which is the U-235, we decided, 
let’s burn the 99%, the U-238. It is kind of a crazy idea. 

And, because you’re burning that 99%, you have a 
greatly improved cost profi le. You actually burn up 
the waste, and you can actually use as fuel all the 
leftover waste from today’s reactors...It’s a great 

thing. THE REACTOR breathes this uranium as it goes 
along. So it’s kind of like a candle. [This is] often 

referred to as a travelLing wave reactor. In 
terms of fuel, this really solves the problem.”

his ur
candle. [This ee
ng wave reactor
c l [

. In rr
solves the problemm.”

The Prometheus 1, a cancelled space mission 
that was meant to orbit the icy moons of 
Jupiter, was  part of NASA’s fi rst attempt at 
making nuclear-powered spacecraft.
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Hmm. All these 
technologies 

have some basic 
problems. First: they’re 

all too 
complicated 
to engineer 

quickly without 
a large team 

and huge 
resources.

Secondly, can all these 
forms of energy production give 
the Galileo 2 enough wattage to 

bring Dr. Dodo back here? It’s not 
easy. And that brings us to point 

number three – size 
and portability.

Among 
the technologies 
we’ve looked at, 

nuclear energy will 
require the least 

amount of physical 
space – which is still 

very large. Unlike 
a nuclear bomb, a 

reactor that produces 
large amounts of 

heat for generating 
electricity needs to be 

properly 
controlled...

And even if we 
manage to construct 

a nuclear engine 
that’s small enough 

for the Galileo 
0.75’s mini-vortex to 
send it back in time 
to the dodo, we’ll 

need to fi nd enriched 
uranium to fuel the 
reactor. And that’s 
dangerous because 

only top secret 
defense labs and 

terrorists possess 
enough of that 

stuff! I’m too old to 
run around stealing 

weapons-grade 
U-235 from 

 evil warmongers!

Finally, speaking of evil, what 
if we send all this fancy tech back in time 
and it falls into the wrong hands? An event 
like that could change history and alter the 
future! Who knows what can happen? We   

                        may all cease to exist! No,          
                           no, we can’t have that...  

                       Hmm. What to do?

What’s 
keeping young 
Alby? Alby! 
Aaaal-BEE!!

...it requires cooling, a power 
conversion system that can 
convert the reactor’s heat 
into electricity, as well as 

screening against radiation. 
That’s a lot of different 
things to worry about.

24
turn to page 32 for 
the exciting climax!
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3. Paint an aluminium vessel 
black on the outside. Fill it 
with 2 parts of water for 1 
part of rice. Place the vessel 
in the centre of the tube.

4. Lay a sheet of plain glass 
over the tube. The glass traps 
the heat, while the dark 
aluminium absorbs it. (Look 
up the Greenhouse Effect.)

5. Place bricks on the glass, 
to ensure that no air escapes 
from between the tube and 
the vessel. Wait for the the 
sun to cook your rice.

This simple design, invented by students from 
Asthinapuram village school in Tamil Nadu, 
was one of the winning entries in Riverside 
School’s Design for Change contest.
The students arrived at it by modifying the 
instructions given in a science reference book. 
To know more about the DFC, log onto: 
www.designforchangecontest.com

1. Place a wooden block, out 
in the sunlight.

6. Once your sunny rice is 
done, eat it with your friends!

Here are 6 
easy steps 
for cooking 
rice using a 
home-made 
solar cooker:

2. Place the tube from a bike 
tyre on it.

SOLAR
COOKER

DIY
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Is it true that some 
insects are only seen once 
every few years? What do 
they do in between?

Yes. Several insects like the 
pine bark bug and some 

moths have what is known as 
a periodic life cycle –  they are 
only seen every two or three 
years. But the most interesting 
of such rarely spotted insects 
is the periodical cicada, found 
mostly in North America. 
There are different groups of 
such cicadas  called broods – 
each brood decides to make 
an appearance together and 
in very large numbers –  but 
only once in 13 or 17 years!

But what does the cicada 
do for the rest of the time? 
A periodical cicada's life is 
a very lonely one. To take 
the example of the 17-year 
cicada – an egg hatches on 
a twig and a young insect 
called a nymph falls to the 
soil. It burrows into the soil 
and lives there alone 

feeding from roots (cicadas 
feed on tree sap), growing 
and shedding its outer 
covering from time to time. 
It continues living this way 
for 17 years. At the end of 
which, it starts preparing 
for an outing by digging a 
tunnel to the surface. 

Then, one spring 
evening, the cicada joins 
hundreds of thousands 
of other cicadas as they 
burst out together 
into the woods. These 
cicadas are, in fact, fi nding 
company for the fi rst time 
in their lives. They make 
clicking and chirping 
sounds using a membrane 
on their abdomen, and 
join each other to form a 
deafening chorus. 

But this is more than just 
about making music – the 
sounds are meant to attract 
a partner to mate with. The 
females then lay eggs on a 
twig. Within a few weeks 
the whole brood is dead and 
the next generation is seen 

again only after 17 years.
This is certainly a strange 

way to live. But to each cicada 
her own! But what is really 

amazing is that all these cicadas, 

living independently in the 
ground, manage to surface 
together at the exact same 
time, after so many years. 
This is actually an extreme 
form of self-defense perfected 
by evolution over many years. 

The cicadas have no 
means of defending 
themselves. So they 
defend themselves 
collectively using a 
simple principle – if they 
all emerge together, 
their predators will eat 
some of them and then 

simply be too full to eat 
anymore. 
The rest of the cicadas 

can then go on to live 
their lives in the open and 
reproduce. This strategy 
is known as ‘predator 
satiation’. Cicadas that cannot  
accurately keep time wander 
out either a little early or a 
little late and get eaten up 
without getting a chance to 
make any little cicadas.
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The

Road Roller
Potential Energy

You will need:

Carefully place the nail at the centre of 
the bottle cap...

Rubber bands and springs store a lot of 
potential energy. Here, we will harness 
the potential energy in a rubber band 
to drive a mini road roller!

...and hammer it in. 

Pull the nail out and do the same to the 
other cap.

Now both caps will have holes in their 
centres.

1) Two bottle caps (plastic, metal or 
even crown caps can be used)

2) One nail to make holes in the caps

3) One hammer to use on the nail

4) A rubber band

5) Two toothpicks, or any other sticks 
of the same length

6) A wax candle

7) A piece of cardboard that is a little 
bigger than a visiting card

8) A pair of scissors

Road RollerRo d Rolled Rolle

You will need:

Rubber bands and springs store a lot of 
otential energy. Here, we will harness 
he potential energy in a rubber band 
o drive a mini road roller!

...and hammer it in. 

Pull the nail out and do the same to the 
other cap.

Now both caps will have holes in their 
centres.

1) Two bottle caps (plastic, metal or 
even crown caps can be used)

2) One nail to make holes in the caps

3) One hammer to use on the nail

4) A rubber band

5) Two toothpicks, or any other sticks 
of the same length

6) A wax candle

7) A piece of cardboard that is a little 
bigger than a visiting card

8) A pair of scissors

30

DIY

by Chaitanya Krishnan
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You can tape the smaller toothpick in 
place so that it does not slip out.

Roll the cardboard around the hammer’s 
handle so that it forms a neat cylinder.

Pull the two bottle caps apart and place the 
cardboard roll between the two caps. 

To make the road roller move, just wind 
up the rubber band by turning the longer 
stick. and let it go!

Cut off a piece of the candle, about the 
same thickness as one bottle cap.

Loop some metal wire through the rubber 
band and pull it through the candle piece.

On the other end, remove the wire and 
stick a toothpick through the rubber 
band to lock it in place.

Measure a piece of the toothpick so that 
it is the diameter of the bottle cap. Break  
off the extra bit, loop a rubber band 
around it, and run the band through the 
hole in the bottle cap, as seen below:

Place the other bottle cap on the other end 
so that both the caps form a little box, and 
pull the rubber band from the other side.

Wire

Roll the cardboard around the hammer’s 
handle so that it forms a neat cylinder.

Pull the two bottle caps apart and place the 
cardboard roll between the two caps. 

To make the road roller move, just wind 
up the rubber band by turning the longer 
stick. and let it go!

Cut off a piece of the candle, about the 
same thickness as one bottle cap.

Loop some metal wire through the rubber 
band and pull it through the candle piece.

On the other end, remove the wire and 
stick a toothpick through the rubber 
band to lock it in place.

off the extra bit, loop a rubber band 
around it, and run the band through the 
hole in the bottle cap, as seen below:

Place the other bottle cap on the other end 
so that both the caps form a little box, and 
pull the rubber band from the other side.

WWWWWWWWWWWWWWWWWWWWiiiiiiiiiiiiiiiiiiiirrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeee
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What a messy old 
bird Dr. Dodo is! 
Look at all this 
rubbish! Ugh! 

Where do I begin?

Ah, a thin-fi lm solar 
cell. This one’s made of 
silicon. Um, let me see if 
I can remember what Dr. 

Dodo told me about solar 
cells. They take solar 

radiation – light from the 
sun – and convert it into 
electricity. They do this 

using something called the 
photovoltaic effect.

Electricity is caused, the doc 
says, when an electron jumps 
from one atom into the next. 

And different kinds of energy 
use different methods to 

make electrons jump. In the 
photovoltaic effect, electrons 

are given a great big kick 
out of their atomic orbits by 
photons (which are particles 

of light). The photon kick 
has so much energy that it 
generates enough voltage 

to run everything from 
calculators and mp3 players 

to satellites in space.

32

Continued from page 7 / 18 / 24
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balloons full of hydrogen to make it run just 
a few kilometres. This new tech solves that 

problem with awesome crystals made of organic 
molecules (such as amino acids - the stuff 

proteins are made of) that are held together by 
metals. These crystals contain tiny pores that 
trap large hydrogen molecules and force them 

into dense little clusters. 

Meh! But a solar cell can’t 
produce even a fraction of 

the power that a Galileo time 
machine needs!

now this is more 
like it! Dr. Dodo was 

saying that the 
vehicles of the future 

will be powered by 
hydrogen. Hydrogen 

makes for a wonderfully 
clean fuel. When you 

burn hydrogen, it reacts 
with oxygen and produces 

H20 (i.e., water!), leaving 
no nasty pollutants.

c 
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The trouble is,           hydrogen is 
really light, and nowhere

near dense enough to pack 
into your car’s fuel tank. In 
its natural state, hydrogen 

molecules are spaced really far   
             apart.  your car’ll need 

          several ginormous 

No. It simply has to be the 
OCGS, whatever that is. It’s 

the biggest piece of this 
puzzle, so it must lead to 

the solution! I must fi nd it!

This way the hydrogen takes 
up much less space than 

usual, and can be effi ciently 
packed into a car’s fuel cell. 
But Dr. Dodo also said that 
lots of work still remains 

on getting these crystals to 
catch and release hydrogen 
effi ciently. So this can’t be a 

good fuel for the Galileo.

Hydrogen 
-absorbing 
crystals   
(from Dr R.B., NCL,   Pune)
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Skreee!! 
Skreee!! I’ve 
found it! I’ve 

fou...
Hmm. I 

thought as 
much. What? 

What?

My guess, from 
Dr. Dodo’s message, 

is that ‘OCGS’ stands 
for Organovoltaic 

Chiroptero-
Guano-Conversion 

Supercharger.

Oh my. The guano! I do 
believe you’re right! 
What a smart little 

Bhoo you are!

What? 
What?

Alby, stop standing 
there staring like a 
starstruck meerkat! 

Go switch on the 
Galileo 1. Set the 

time and place 
coordinates to: 

the end of the 11th 
century, this cave. 

Run along now!

And Arby! See that 
muck lying around 
the cave? That’s 

guano. 

Eh? What? What’s going on? 
What’s an Organowhatsit 

Chiropituitary-Guano-Converting 
Superthingy? Why do you need 

guano?

That’s an 
Organovoltaic 

Chiroptero-
Guano-

Conversion 
Supercharger. 
A work of dodo 

genius.

What does 
it do?It makes 

energy, Arby. 
Lots and lots 
of it. With a 
little help from 
our furry fl ying 
friends, the bats!

f
L
th

o

Get a large 
jar and start 
fi lling it with 

the stuff.

m
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For months and months now, 
Dr. Dodo’s been growing some 

smelly green stuff in his lab and 
feeding it to the bats of Brainwave 
Labs. Every time I’ve asked him what 
the green stuff is, he just muttered 

and cackled the way he usually 
does, not telling me what’s going 

on and continuing with his strange 
secret experiment.

I’ve seen no change 
in the bats or their 

health, so I assumed 
that the green stuff 

was just some rotten 
lettuce or spinach 
or something from 
our vegetable patch 
that Dr. Dodo was 

throwing away. But 
now it all makes 

sense. It isn’t the bats 
themselves that were 
changing from eating 

the dodo’s green 
stuff. What changed 
was the bacteria in 

their, ugh, droppings.

Eh? The 
bacte...?

The Galileo 
1’s ready, 
Skreee!! 

Shall we send 
whatever we 

need to send? puff!
pant!

Get him! Spear him!

Skwaaawk! 

Stop!

Thieving bird!

hey!

stop, 
bird!

meanwhile, in the 12th century c.e.

35
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E.Coli are bacteria that thrive 
in nitrogen, carbon, minerals 
and other nutrients that 
are naturally found in these 
droppings. The E.Coli in this 
batch of guano is special, 
though. They were genetically 
modifi ed by Dr. Dodo to 
ferment sugar and produce 
800 times more hydrogen from 
the process than they would 
have normally. Dr. Dodo learnt 
how to do this after studying 
the latest research done by 
Professor Thomas Wood, a 
scientist in the Texas A&M 
University’s Department of 
Chemical Engineering.

This tap pours 
the guano 

onto the fresh 
sugarcane, 
starting off 

the hydrogen-
producing 

fermentation 
process.

The Organovoltaic 
Chiroptero-Guano-
conversion Supercharger. 
When the E.Coli bacteria from 
the guano start chomping on 
all the sugarcane that Dr. 
Dodo stole from the Todas, 
mega quantities of hydrogen 
will be produced. The OCGS 
will take these hydrogen 
molecules, compress them, 
and shoot them into the 
Galileo 2’s engine. The engine 
will use this supercharged 
hydrogen as fuel. and this 
amazing reaction will produce 
no pollutants — only water!

phosphorescence!

sugarcane

galileo 2

sugars!

Bat guano, 
rich in E.Coli.

tap

ocgs

B

B

c

c

a

a

d

d
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in a strange twist, the 
Smarties’ energy quest gave 
the Toda elders a horrible 
new legend to frighten their 
grandchildren with: that of 
the fat thieving bird who was 
inhaled by Shishuladeva, 
the great dolphin god of the 
Nilgiris, and sneezed out as 
a gentle rain! And that’s how 
the Dolphin’s 
Nose Promontory 
got its name!

fi n

wormhole

37March 2011
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CROSS-CONNECTION

2

3

1

13

8

10

6

17

14

7

9

4

15

16

12

5

11

3   Cells that convert solar energy into electrical energy
4   In hydroelectric dams, water from a reservoir is used to turn a _______
7   A collection of windmills that produces energy
8   Heat energy that is generated from inside the earth
11 The most common form of nuclear energy is the energy generated in the ____
13 Energy can neither be created nor destroyed, it can only be ________
16 The Rance Power Plant in France is the fi rst _____ power station in the world
17 Some energy sources are extinguishable, while others are ______

1   Coal, petroleum and natural gas are all ______ (2 Words)
2   A gradual increase in the temperature of the earth’s atmosphere (2 Words)
5   Energy can be defi ned as the capacity for doing ____
6   The energy present in a stretched rubberband
9   When used as an energy source, fi rewood is an example of ____
10 The introduction of machinery introduced this major revolution around the 18th century
12 When you rub your hands together, you are generating _____
14 The accidental release of petroleum into the environment (2 Words)
15 The standard unit to measure energy

D
O

W
N

Crossword by Aparna Kapur

Watch out for the solutions to this crossword in issue #5 of Brainwave!

ACROSS
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p10  Savannah: a tropical grassland with 
scattered trees

Population density: the average number 
of people who live on each square kilometre 
of land

p14  Energy effi cient: giving a high 
performance relative to the amount of 
energy consumed

p15  Potential energy: the energy 
possessed by an object because of its 
position or condition (as in a spring or 
rubber band) 

Electromagnet: a coil of wire that behaves 
like a magnet when electric current passes 
through it.

Ecology: the relationships of organisms 
with their environment and with each other

p19   Coolant: a medium  that is used to 
draw heat from a hotter object

p20  Ultraviolet: radiation with a higher 
frequency than visible light

Apparatus: a complex machine or 
instrument

Accolade: an expression of approval or 
praise

p22  Radioactive: refers to the types 
of materials which spontaneously emit 
radiation and charged particles

p23 Philanthropist:  a very generous 
person or institution

Recycle: to reuse component materials

p24  Wattage: the power requirement of 
an electrical appliance

Portability: the quality of being easy to 
transport

p29  Membrane: a fl exible separating 
tissue, forming a fi lm and separating two 
environments

p36  Genetically modifi ed: containing 
artifi cially modifi ed genetic material to 
produce a desired characteristic

Ferment: allowing yeast to react with 
sugars

Pollutants: a foreign substance that makes 
something impure

e!

A
L
L

GLOSSARY
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UNCLE PAI, founder editor of Amar 
Chitra Katha and Tinkle, passed 
away on February 24, this year. His 

energetic presence and booming laugh is the 
memory I carry with me from the 22 years 
that I have known him. And also the little-
known fact, that the only area in which he 
despaired where I was concerned, was my 
lack of passion for science.

I did not mind 
the subject, I could 
handle it. But 
pure physics and 
chemistry left me 
cold. And there I 
was (chosen by 
him, mind you) as 
Associate Editor of 
Tinkle – a magazine 
through which he 
wanted to get young 
people excited about 
science!

I think he took me 
up as a challenge 
because he decreed 
that no science-
related experiment 
or activity would be published unless I and 
the team of sub-editors had tried it out. So, 
we would read every new Anu Club script 
with bated breath because there was no way 
we could escape ‘Unc’s’ practicals.

We liked the experiments which said, 
‘Take a dandelion fl ower and blow at it. 
Watch how the seeds fl oat away carried on 
their own little parachutes’. Easy enough. 
But what about the ones when we had to 
create ‘really fl ying’ aeroplanes or grow a 
garden in a glass!

If the petals of all fl owers followed the 
Fibonacci sequence, we had to check it out 
ourselves. If we were telling the reader how 
to make a kaleidoscope with broken bangles, 
we had to fi rst make it ourselves. And if 
we threw up our hands when the whole 
experiment of making a paper mache fi gure 
became a soggy mess, he would laugh and 
say, “So, how do you expect the children to 
make it?”

Uncle Pai studied 
physics, chemistry and 
chemical technology in 
college and then went 
on to create comics. To 
him science was not 
a subject you studied 
out of text books, it 
was what you lived 
everyday. Something I 
fi nally understood and 
learned to respect.

When Mr Pai 
discovered that I 
had a special love 
for conservation and 
environment-related 
subjects, he allowed me 

to give emphasis to these themes in Tinkle. 
It was a happy day for him when Tinkle got 
the Peta Award for being the most animal-
friendly magazine for children.

Along with all the mythology, history, 
folktales and fables that Uncle Pai left for us, 
he also gave us a legacy in science. A legacy 
which lives on in the magazine you hold in 
your hands right now.

Reena Puri, the Editor of Amar Chitra Katha, 
worked with Anant Pai for close to twenty years.

by Reena Puri
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Dear Reader,
People think of time as something that’s always moving. 
They say time is running out, that it’s almost up, or that 
there’s never enough of it, that time is always slipping 
through our fi ngers like fi ne desert sand. You too have 
probably experienced time’s need for speed all too often, 
maybe during an exam when they’re calling for the 
answer papers and you still have an essay to get through, 
or in a basketball game where you need to take a free 
throw and your shot clock is bleeding seconds.

But there’s one group of scientists who think of time 
differently. These are the archaeologists, who have long 
understood that time can stop for a quick snooze just as 
easily as it can speed up and leave you in the lurch. After 
years and years of careful study, they’ve perfected the art 
of hunting out the secret places in our world where time 
has taken a break: places that are buried deep under the 
ground, where history and memory lie in wait of brave 
explorers to come and dig them out. 

In this issue’s exciting cover story, we accompany 
these explorers to Lothal and Dholavira — two of the last 
remaining sites of the great Indus Valley civilisation — 
and help them dig out some of India’s hidden past.

Some of you regular readers will also notice that the 
design of Brainwave has been revamped a bit. We hope 
you like what we’ve done with it! You see, part of our 
work here, while we’re not out there unearthing amazing 
stories for your entertainment and education, is to keep 
improving the way our stories and their pages interact 
with you visually. If you have any suggestions for further 
improvements, do write to me!

Scientifi cally,

Vinayak Varma, Editor
vinayak.varma@ack-media.com

The Time Detectives

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover artwork by 

Bombay Duck DesignsPrinted at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 

Scientificcally,

Vinayay k Varma, Edi
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script by 
shalini 

srinivasan
art by 

prabha mallya

Brinda climbed up to Suresh’s brain, 
determined to be Queen. When she found 
it was being ruled by the fuzzy worm –

creeping...
conniving... 
wriggling...

amygdala

hypothalamus

cerebellum

ey... what 
ya??!

wa... ter... that’s mine !

give it 
back!

what a waste 
candidate!

to be continued

now 
what?.
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TOY 
BOX

The Cloth Siphon

Why does this happen?  Capillary action makes the water rise through 
the porous cotton cloth and fl ow against the direction of gravity. This phenomenon 
can be observed naturally on a daily basis . In fact, this is how plants absorb water 
through their roots, up their stems and all the way to their leaves.

April 2011

by Arvind Gupta (visit www.arvindguptatoys.com for more!)

You will need: two glasses and a strip of 
cotton cloth.

Fill one of the glasses almost completely 
with water, and the other glass with a 
little water.

Dip each end of the cloth strip into one of 
the glasses.

Wait for a few hours. What do you 
eventually notice? That’s right. The water 
level is the same in both the glasses!

1

3

2

4
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No doubt computers are 
getting cleverer by the 

day. But experts predict that 
computers of the future 
will have little processing 
power of their own. Instead, 
they will hook up to other 
powerful computers over the 
Internet to function. These 
sort of computers are often 
called dumb terminals. 
While they don’t sound very 
intelligent, they are in fact 
deviously clever.

Imagine a scenario where 
all our data — documents, 
photos, videos, just about 
everything — is saved in a 
secure location on a server, 
and we could access it 
from anywhere, from any 
computer, through the 
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Internet. This remote location 
is called the ‘cloud’. And this 
sort of computing is referred 
to as cloud computing. 
But this technology isn’t as 
cutting-edge as it sounds. 
After all, we already use 
the cloud when we save 
documents on Google Docs 
and stash our photos at Flickr.

However, there are people 
who believe that cloud 
computing is the wave of 
the future, including the 
developers at Google. You 
might already know about the 
Google Chrome browser. But 
did you know that Google is 
also working on an operating 
system by the same name? 
The Chrome OS is expected 
to be released by mid-2011. 
It will basically be a browser 
which will give us access 
to all kinds of Web-based 
applications. All a computer 
will need is the capability 
to run the browser, through 
which we will be able to 
access all these apps online. 
Pretty neat for a so-called 
‘dumb’ device!

Imagine the convenience: 
no need to download or 
install expensive, bulky 
applications; no need for 
massive hard disks; and no 

more fear of losing data from 
a computer crash or virus 
attack. Moreover, our data 
will be accessible from any 
computer, PDA, tablet or 
smartphone.

As with any kind of 
emerging technology though, 
there is always a ‘but’. For 
cloud computing to be a 
reality, we will need fast 
and reliable Internet access, 
something that is still a 
struggle in India, unless you 
happen to live in a big city. 
Reliable servers, with strong 
security features, are also a 
must. It just wouldn’t do if 
the cloud was laid low with 
a virus attack or crash, now 
would it?.
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Up, Up 
and 
Away!

All you need 
to know about 

Cloud Computing

by Payal Dhar

by
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FUTURE 
TECH

Teleportation — or being 
‘beamed’ from one place to 
the other — has been in sci-fi  
stories for ages now. But how 
amazing would it be if this 
were possible in real life? 
For starters, it would take 
care of our traffi c problems 
and make travelling so much 
more hassle-free.

In a Star Trek-type 
teleportation, a person is 
converted into subatomic 
particles so that all that 
remains of him or her is 
an energy pattern. This is 
called dematerialisation. 
The transporter then ‘beams’ 
this energy pattern to the 
destination and converts it 
back into the original person. 
This is rematerialisation!

Current science just isn’t 
advanced enough to talk 
about teleporting anything 
as complex as life forms. 
But back in 1993, a team of 
scientists lead by Charles H. 
Bennet at IBM showed that 
teleportation of information 
was theoretically possible. 
More recently, in 2008,  a 
team of scientists from the 
Joint Quantum Institute at the 
University of Maryland and 
the University of Michigan, 
USA, were able to teleport 
information between two 
atoms over a distance of one 
metre. Then in early 2010, 
Masahiro Hotta at the Tohoku 
University in Japan, spoke 

m 

h, 

g 

TELEPORTATION: SCIENCE 
FICTION OR REALITY?

about the teleportation of 
energy. Later, researchers 
from the Australian National 
University built a device that 
moved particles over large 
distances using a laser beam.

These are just some of the 
experiments that physicists 
have demonstrated in trying 
to get to the bottom of the 
teleportation question. They 
might be inching closer to an 
answer, but it is just too early 

SO HOW DOES IT WORK?

Modern-day scientists 
agree that teleportation is 
unlikely to ever become 
a reality, at least in our 
lifetime. But that hasn’t 
stopped them from 
taking up the challenge. 
Physicists believe that 
rather than transporting 
actual matter, the key 
lies in breaking down 
an object into detailed 
information about its 
components and properties. 
This information can then 
be beamed to the target 
location, where it will be 
converted back into what it 
was originally. Think about 
it, though. If the original 
object (or person) is broken 
down and reassembled 
with information from 
somewhere else, does it 
remain the original or is it 
just a duplicate?

to tell if future Earthlings 
will have the option of 
teleportation as a means of 
transport..
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by Payal Dhar
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COVER 
STORY

Background: Detail from a mural at the Archaeological 
Survey of India (ASI) museum in Lothal, depicting the 
Lothal dock in ancient times (Photo by MS Gopal)

TO KNOW THE 
PAST, YOU’VE 
GOT TO DIG IT

TO KNOW THE 
PAST, YOU’VE 
GOT TO DIG IT

Here is what we know so far. Back 
in the Bronze Age, the Indian 
subcontinent was occupied by the 

Indus Valley (or Harappan) Civilisation. 
The people of this civilisation are 
believed to have originally came from 
Africa, around 40,000 BCE, and lived as 
nomads for a long time. Then, around 
4,000 BCE, they settled along the Indus 
river (which now fl ows through parts 
of Tibet, Pakistan and India). And went 
on to form one of the world’s earliest 
civilisations.

The Indus river provided irrigation, 
and the Harappans began farming. In 
time, their life skills improved. They 
traded goods, developed pottery, invented 
a language and a script, built a complex 
drainage system, conducted funeral rites 
and built prosperous cities.

The question is – if all this 
happened more than six thousand 
years ago, how did we fi nd out so 
much about these people? Simple. 
By digging deep into the ground and 
studying the remains of their cities. In 
other words, we used archaeology.

The science of archaeology not only 
involves hard work, but also great 

precision and calculation. Not everybody 
is cut out for it. It requires a deep passion 
for the past and years of research and 
study. 

Archaeologists often spend months, 
sometimes years, at a single site, getting 
dirty and digging around constantly. 
They have to be sharp like detectives, 
carefully observing their surroundings, 
paying attention to the minutest details 
and collecting loads of relevant data and 
evidence to support their theories and 
ideas. And then there is the lab work, 
during which all that has been dug up is 
analysed and recorded. 

But that is just the half of it. 
Archaeology is also a form of story-
telling. Good archaeologists combine 
their intuition with cool logic to piece 
clues together and connect up the great 
mysteries of the past. They are scientists 
as well as artists, using intellect and 
imagination to paint the exciting, true 
picture of our history.

Our cover story this month tells you 
all you need to know to make a start in 
archaeology. So get your shovels, picks 
and brushes ready, and turn the page!

text by Aparna Kapur
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Photo: An archaeologist dusts off a skeleton at the 
site of a burial ground in Lothal, Gujarat. (Image 

courtesy: Archaeological Survey of India) April 2011
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What if you found yourself among the ruins of an ancient 
and advanced civilisation? What kind of mysterious sights, 
strange symbols and mind-boggling discoveries would you 
stumble upon? Travel along with Appu, Gopal and Dr Das 
as they crank the time machine and journey through the 
5000-year-old Indus Valley Civilisation!

Appu, Gopal and I in Lothal, 2010
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story by Srinath Perur

the amazing adventures 
of appu and gopal
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When Appu and Gopal were sent 
to vacation with Dr Das by their 
parents, they were assured of a 

wild time. Dr Das was some sort of scientist-
adventurer and their aunt, and if you were 
not careful around her, a simple question 
could spark a bizarre experiment or a hair-
raising journey.

The beginnings of an adventure

It all began quite innocuously when Appu, 
Gopal and Dr Das boarded a train from 
Mumbai to Ajmer. At Ahmedabad, when Dr 
Das got out to take a quick look at a bird she 
had spotted just outside the station, the kids 
had reluctantly followed her out of the train. 
Ten minutes later, they had missed both the 
bird and the train.

Now, they were stuck in Ahmedabad while 
their luggage sped away. Luckily, Dr Das had 
brought her hand bag along, and so they had 
money. Dr Das spoke to the station master 
to make sure their luggage would be waiting 
for them in Ajmer. She also found out that 
there was another train leaving in a couple 
of hours. “It’s Sunday isn’t it?” Dr Das mused. 
“We might as well spend time at the Sunday 
market.”

Of Dhoklas and Unicorns

The Sunday market in Ahmedabad was so 
crowded that they could barely move. A wide 
space under a bridge had been fi lled with 
makeshift stalls selling every imaginable 
thing. The three ravenous travellers feasted 
on dhoklas from a push-cart. At a nearby 
stall of antiques and old coins, Gopal picked 
up a slightly chipped stone rectangle. 
Engraved on one side was a mysterious one-
horned animal with strange symbols above 
it. On the other side was a tiny bump with a 
hole through it. 

Gopal turned to his aunt: “What is this?”
Dr Das’s eyes twinkled dangerously. Gopal 

knew that look. “Never mind,” he said, 
hastily replacing the object. But it was too 
late. 

Half an hour later, Appu, Gopal and Dr Das 

, 
u 

were speeding away from Ahmedabad in a 
taxi. “This,” said Dr Das holding up the stone 
object that Gopal had picked up (and which 
she had bought for Rs. 150), “is a Unicorn 
seal from the Indus Valley Civilisation. Since 
we are so close, we might as well go visit one 
of their sites.”

“What about our train?” inquired Appu 
with trepidation. But she got no answer.

Instead, Dr Das spoke about the Indus 
Valley or the Harappan Civilisation. “The 
Harappans lived four to fi ve thousand years 
ago in a region that spans some of today’s 
Pakistan and northwestern India. They built 
large well-planned cities and traded by sea 
with Mesopotamia and Persia. Today, we only 
have the remains of their cities, from which 
archaeologists and historians try to imagine 
their lives. There is some writing on pots and 
seals, such as the symbols above the unicorn, 
but we don’t know how to read it yet.”yyyyyyyyyyyyyyyy

Unicorn seal replica, Ahmedabad Sunday market
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Rambling through Lothal

The taxi stopped after a couple of hours and 
they walked to a mound of earth nearby. 
This was the location of Lothal, a trading 
centre of the Harappans, discovered in 1954. 
They came to a large reservoir of water with 
sides made of several layers of brick. Dr Das 
said, “When the Harappans lived here, there 
were rivers that connected this place to the 
Arabian Sea. Ships docked at this very spot 
and workers moved goods to and from a 
warehouse by going up this ramp. Now it is 
just fi lled with rain water.”

They clambered up through some shrubs 
and came upon a series of brick platforms. 
“This was the warehouse. The Harappans 
used platforms to protect goods from fl oods.” 
She brought out the seal they had found in 
Ahmedabad. “Many such seals have been 
found right here at this warehouse. We 
think they were used on parcels. Probably 

merchants or offi cials wore it around their 
necks and that is why there is a hole for a 
string.”

A small distance away, they came upon 
the base of brick walls. Dr Das said, “The 
Harappans had an upper city or citadel, 
where the rulers must have lived, and 
a lower city with markets, factories and 
houses.” She pointed to some ruins: “These 
are the bathrooms of the upper city. Though 
none of the walls are standing, they were 
probably two-storey houses. The waste 
water fl owed into the drain here. This lead 
to a larger drain at the end of which, the 
water was fi ltered and released into the 
river.” Appu and Gopal marvelled at the 
sophisticated architecture of such an old 
civilisation.

In the lower town, Dr Das pointed to the 
remains of a market and a factory where 
beads were made. She also showed them a 
hearth where the Harappans had worked 

The Lothal dock

Harappan warehouse, Lothal

Waste water drain, Lothal

At the hearth (used for metal working), Lothal

12 Artwork: Adarsh Achari
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with metals at very high temperatures.
Next to the site was a museum run by the 
Archaeological Survey of India. Here they 
saw carefully preserved objects excavated 
from Lothal: pots of various sizes, some 
strangely full of holes, some painted with 
wavy patterns and pictures that told simple 
stories. 

There were pieces from a chess-like 
game, stone marbles, toy carts, and tiny 
animal fi gurines. Particularly striking was 
the jewellery – bangles made from clay and 
sea shells, rings made from an orange stone 
called cornelian, and necklaces and head 
bands made of beads and gold. Then there 
were copper fi shing hooks, needles and 
blades made of stone. “Imagine what their 
Sunday market must have been like!” said an 
excited Dr Das.

Citadel of Dholavira

 The tired travellers returned to Ahmedabad 
in the evening. By then, Dr Das had decided 
that their original destination of Ajmer could 
wait. They would visit yet another Harappan 
site in Gujarat called Dholavira. Appu and 
Gopal had by now begun to feel like real 
explorers discovering a long-forgotten world.
 A very rattly overnight bus took Dr Das and 

the kids to a small town called Rapar. As they 
hadn’t changed since they left Mumbai, they 
shopped for new clothes. Dr Das exchanged 
her jeans and t-shirt for a sari. Appu and 
Gopal had seldom seen her wear one, and 
certainly not with rugged boots on her feet. 
They burst out laughing.

The jeep taking them to Dholavira fi rst 
passed through the Rann of Kutch – a 
breathtaking landscape of desert, salt 
and shallow water. There were birds 
everywhere. They must have spotted at least 
thirty different kinds of birds before reaching 
Dholavira!

Dholavira was a much larger city than 
Lothal. Dr Das explained that it was divided 
into the citadel, a middle city and a lower 
city, and would take days to explore fully. 
And while Lothal was built from sunburnt 

At the ASI Museum, Lothal

Pelicans flying over the Rann of Kutch, 2010

The citadel, Dholavira
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bricks, Dholavira was entirely made of stone.
Enormous gates opened into the citadel 

with the ruins of pillars visible at the 
entrances. A large signpost with ten 
symbols had been found near one of the 
gates. “The structures we see are mostly 
from a later Harappan period. These people 
were not so skilled. They built simple stone 
huts shaped like an ‘8’ using stones from 
previous constructions,” Dr Das said. “None 
of the roofs have survived. They must have 
been thatched or made of some perishable 
material.” They also saw grinding stones 
scattered throughout the site.

The Harappan Water World

Dr Das climbed down some steps into what 
looked like a tunnel. It was a drain, she said. 
The Harappans had created a system of 

drains with vents and manholes that made 
sure that the rainwater went into storage 
tanks, she told them.  It was possible to 
walk through this network of drains. Appu 
and Gopal went down one and ran back 
shrieking when they found bats inside.

“Water was a big concern for people 
living here. They built a large wall to guide 
rainwater streams into the enormous inter-
connected rock-cut tanks that surrounded 
the citadel. They had to store enough water 
to last the city for a whole year, until the 
next monsoon.” One of the tanks even had a 
ramp, perhaps for loading water onto bullock 
carts.

In the citadel was a giant well. Next to 
this was a small tank, probably for drinking 
water, the overfl ow from which went 
through a channel into a bathing tank. Dr 
Das showed Appu and Gopal rope marks  
on the edge of the well. On the last step of 
the water tank, they found an impression in 
the soft limestone. “This is from all the pots 
placed here nearly fi ve thousand years ago,” 
said Dr Das.

The day was ending. They stood in silence 
watching the sunset, thinking about the 
people who had lived there so long ago. 
When they fi nally started walking back to the 
jeep, Gopal asked, “Are we going to Ajmer 
now?”

“We’ll see,” Dr Das said, grinning..

On the road again!
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Photos featuring the Ahmedabad Sunday market, pelicans and 
the highway: by Srinath Perur. 
All remaining photographs: by MS Gopal.
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A shovel? A hammer? 
A microscope or 
a ruler? Find out 
what instruments an 
archaeologist uses on 
the job

Photo: Archaeologists take inventory 
of their tools at a dig site (courtesy: 
Archaeological Survey of India)
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Have you ever peered into 
an archaeologist’s bag? 

Apart from stray bits of fossils 
and priceless treasures, you 
will quite certainly fi nd an 
array of fascinating tools. 
From chisels and rulers to 
penknives and toothbrushes, 
archaeologists use a bunch of 
implements to unearth buried 
relics and ruins.

Archaeologists make use of 
assorted types of equipment 
at every stage of their work. 
Initially, when they have to 
scout for possible excavation 
sites, the main task is to 
survey and measure. This 
long and painful process 
is made simple by helpful 
implements like rulers, levels, 
compasses, lines and tapes. 

Archaeologists also arm 
themselves with rather 
peculiar and very specialised 
instruments like clinometers 
(used to measure angles of 

The Treasure 
Hunter’s 
Toolbox by Aparna Kapur

slopes) and calipers (used to 
measure the distance between 
the two ends of an object) that 
make diffi cult work easier. 
Talk about being geometrists!

On a dig
However, the most diverse 
and intriguing tools are used 
by archaeologists while 
excavating – to dig and 
retrieve objects. Digging 
tools include mattocks, cross 
handles, wrenches, picks, 
shovels, hammers, trowels, 
brushes, sponges, chisels, 
augers, penknives and even 
toothbrushes. The functions 
of these implements vary 
from rough digging to the 
intricate work of uncovering 
artefacts.

In lab chambers
Next, a whole different set of 
tools comes into play in the 
laboratory. Yes, you heard 

right – the archaeologist’s 
work not only happens on the 
fi eld, but also within the walls 
of scientifi c labs. 

This is where they study, 
analyse and make sense of 
the objects that have been 
excavated. With sophisticated 
technology like microscopes, 
X-ray machines and 
spectrometers, archaeologists 
identify the material 
collected, date it back to the 
time it existed and decipher 
its meaning or purpose.

This is only a brief 
introduction to the tools 
that archaeologists have 
at their beck and call. 
More instruments are 
being invented and newer 
technology is being developed 
as we speak. It is plain to see 
why archaeology is such a 
fascinating fi eld to work in!.!!!!!!!!!!!!
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One of the biggest 
mysteries 
about the Indus 

Valley Civilisation is its 
undeciphered ‘script’. Short 
inscriptions and puzzling 
symbols have been found on 
seals, pottery and many other 
objects. There is even a large 
signboard engraved with 
ten symbols in the ancient 
Harappan city of Dholavira in 
Gujarat. But we have no idea 
what any of these symbols 
might mean or even what 
language they represent.

The mystery seems hard 
to crack as of now, with 
an unknown script in an 
unknown language being the 
main clue. But researchers 
have made some headway 
with it. We now know that 
the people of the Indus Valley 
used around 400 signs in their 
writing. The number of these 
signs and the writing systems 
used in other civilisations at 
the time – such as the Egypt 
and Mesopotamia – suggest 
that the symbols stand for 
basic words in the Indus 
language. The symbols, it is 
believed, can be combined 
like puzzles to express other 
ideas. For example, if we 
were to write English in this 
fashion: 

the symbols could stand for 
the word ‘belief’. 

by Srinath Perur

The baffl ing signs and 
symbols engraved by 
the Harappan people 
are quite like a cryptic 
crossword that we are 
yet to solve

The Indus valley people wrote from right to left. How do 
we know this? Have you ever started a line writing with 
large letters, then made the letters smaller as you ran 
out of space, and then tucked in the last word below the 
line on the right side of the page? Well, this happened to 
the Indus Valley people too, but on the left side!

                        could be read as 
‘before’.

If this interpretation is 
right, there is no way we can 
decipher the writing without 
knowing the language. But 
many researchers hold the

                           that the 
Indus Valley people spoke 
a language similar to old 
Tamil. In fact, there are still 
some people in this region 
who speak a language called 
‘Brahui’ that is a very old 
variant of Tamil and other 
languages spoken in south 
India. A few scientists are 
using this language to fi gure 
out the meaning of certain 
symbols in the writing of 

the Harappans. To give an 
example – the fi sh symbol is 
read as ‘meen’, which also 
means star. Sounds like these 
can be combined to see if they 
describe ideas or things we 
know about the inhabitants of 
the Indus Valley.

Much of this is intelligent 
guesswork, of course. But 
we might one day be able 
to read the writings of the 
Indus Valley Civilisation 
with certainty, if we were 
to fi nd a sample along with 
its translation. This is not as 
unlikely as it sounds – the 
Indus valley people traded 
with other civilisations such 
as Mesopotamia, whose 
writing we understand. The 
case is far from closed..
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In English, the symbols on this object would probably be read as, er, 
“Beach Ball”, “Man kicking”, “Since” and “Peace”.
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While excavating ancient 
towns, the smallest shard 

of pottery, the tiniest fragment 
of animal bone or the littlest 
plant fossil can tell us a great 
deal about the way people lived 
back then. So archaeologists 
have to be extremely careful 
when retrieving old artefacts 
and delicate fossils. But getting 
these objects off the ground can 
be a tricky task. To ensure that 
excavated objects are retrieved 
safely, scientists have come up 
with techniques like fl otation 
and sieving. Flotation is used 
to recover tiny objects like 
plant and insect fossils, seeds, 
small bones and other organic 
material. Here, the excavated 
soil is added to a liquid like 
water – while the miniscule 
objects or fossils fl oat up to the 
surface, the soil sinks. In this 
manner, the archaeological 
fi nds can be separated from 
the rest of the soil. The sieving 
method is best suited for 
retrieving larger objects like 
bones, shells and pieces of 
pottery. Here, the excavated soil 
is poured into a large container, 
and mixed with water to form 
slurry. When poured onto a 
large mesh, the objects get 
separated from the mixture. .

It must be exciting business 
to excavate long-lost 

civilisations. But what happens 
after archaeologists make 
their discoveries? How does 
this exciting information 
about the past reach us? This 
is where the historian steps 
in. You might remember 
reading about the Harappan 
Civilisation in your history 
textbook – this is because 
archaeology and history 
are closely interconnected. 
Both these subjects involve 
a study of the past. In fact, 
archaeologists depend on 
historians to interpret their 
fi ndings and place them 
in a context that people 
can relate to. Historians 
study ancient texts and 
scriptures to understand 
past events. In turn, they 
rely on archaeologists to 
tell them what happened in 
the periods where history 
was not recorded or written 
down. Archaeologists fi nd the 
missing answers by looking 
inside the earth for objects, 
artefacts, monuments and 
relics that ancient people have 
left behind. In this way, the 
archaeologist and the historian 
work together to solve the 
jigsaw puzzle of the past.

Photo: A photography tower in 
Dholavira, Gujarat. (Image courtesy: 
Archaeological Survey of India)
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Before digital imaging, 
photographs had to be 

handled with care. They had 
to be held and stored properly 
so that they would last 
forever. But they didn’t. Over 
time, they eventually wore 
out. Then came the scanner, 
and with it came the ability to 
immortalise old photographs 
digitally.

Scientists and researchers 
have developed similar 
technology to immortalise 
ancient artefacts and historic 
towns. 3D laser scanners 
are instruments that analyse 
physical attributes and 
collect data about objects and 
environments. A digital model 
of a real object is created 
using specialised software. 
This model is then used to 

reconstruct objects or places 
in the form of computer 
graphics. So essentially, with 
3D laser scanning, we can 
permanently preserve the 
digital version of any artefact! 
Everything, including depth, 
colour, texture and pattern, 
is accurately reproduced in 
the scanned version of the 
artefact.

But while all this technology 
is certainly a good thing, is 
it good enough? After all, 
you cannot feel, carry and 
hold a digital artefact. But 
3D scanning technology 
seems to have overcome that 
challenge as well. Just as a 
digital photograph can be 
printed any number of times 
to produce a photograph 
that is as good as new, the 

scanned model can be used to 
reproduce multiple versions 
or ‘prototypes’ of the original. 
This is done using a ‘rapid 
prototyping’ machine, which 
constructs an object, layer by 
layer, using a ‘virtual design’. 

All this technology 
serves a larger purpose 
– archaeologists can now 
protect the original artefact, 
and keep it from being 
handled by people and 
exhibited in public. Instead, 
a prototype can be put on 
display.  Moreover, this 
technology enables us to get a 
complete three-dimensional 
documentation of an 
archaeological excavation. It 
also lets us make virtual visits 
to ancient sites..

ANCIENT IN

MARVELS

A rainwater harvesting system at Dholavira. The image on the left shows the actual site. The image on the 
right shows a 3D reconstruction of what the system must have looked like back when the city was still alive. 

(Artwork by Adarsh Achari, based on video simulations created by the Archaeological Survey of India)

by Aparna Kapur

Take a virtual walk 
through an excavated 
site or touch and feel 
an old artefact. The 
latest digital tech 
makes it all real!
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THE 
HOME-
MADE 
TIME
MACHINE

AWESOME 
ACTIVITY

How would you like to excavate yourself? 
Sounds strange? It is entirely possible, 

with a lot of patience and a TIME CAPSULE! 
This is the simplest kind of time machine! 
Just get hold of a large, sturdy, airtight, 
waterproof and shock-resistant box. Ask 
someone older to help you fi nd or make such 
a box. The important thing to remember 
is that what is contained in the box has to 
last over the next few decades. Once you 
have the box, fi ll it with a bunch of objects 
that you would like your future self to fi nd 
(include a copy of this magazine!). We 
suggest you start with a letter to yourself, 
and write in it everything that you would 
want the older-you to know about the 

current-you and your world. 
If you want to make this experiment 

even more fun, get all your best friends to 
contribute to the time capsule as well. Ask 
them to put in all their objects and messages 
too. Finally, lock the capsule, seal it tight and 
put it somewhere safe. Your best bet is to ask 
your school principal for permission to bury 
it somewhere deep on the school property. 

Return to the same spot ten or twenty or 
thirty or forty years later – the later, the 

better – so long as you remember to come 
back! And excavate your capsule. Don’t 
forget to write to Brainwave and tell us what  
you found – we hope to still be around then!

April 2011
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A
fter the Partition in 1947, the Archaeological Survey 

of India (ASI) found themselves in a terrible pickle. 

All the Indus Valley cities had suddenly gone over 

to the newly created country of Pakistan. Enter SR Rao, 

a 25-year-old archaeologist with the determination and 

single-mindedness of a store-fresh pickaxe. He took up 

the challenge of unearthing remains of the Indus Valley 

here in India. Rao went on to discover Lothal, the oldest 

Harappan city, which also contained the world’s first 

dockyard.

Having played a big part in several major 

excavations, and being one of the very few humans to 

truly understand the Indus script, Rao has the last word 

in any archaeological debate. So it was only natural 

that we at Brainwave sprang at the chance to interview 

him. It has been 57 years since Rao made his amazing 

discovery, but the word ‘archaeology’ still makes his eyes 

light up, and a thousand stories from his career instantly 

jump to his mind. 

EXCLUSIVE 
INTERVIEW
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Aparna Kapur 
talks to SR Rao, 
the acclaimed 
archaeologist who 
discovered the ancient 
port city of Lothal

O
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The discovery of Lothal is a fascinating 

story. What led you to it?

The director general of ASI at the time, 
Dr Amalananda Ghosh, asked me to re-
excavate the site at Rangpur. We had found 
several pieces of pottery there, and a debate 
was going on about whether it was a part 
of the Indus Valley Civilisation. I agreed to 
excavate it, unless I  found a better site.

We then started a village-to-village survey, 
along the Sabarmati river. On the way we 
met a villager named Mehpat Singh. He 
immediately identifi ed the pieces of pottery 
we showed him, saying “Yes, there are lots of 
pieces like this in Lothal.” 

So we went to Lothal and, sure enough, 
there were several similar pieces of pottery 
there. I discovered Lothal in 1954 and started 
the excavation in 1955. It took us seven years 
to excavate the entire city and dockyard.

Could you tell us more about the dockyard?

Lothal is located near Bhavnagar, which is 
a port. The level of water during high tides 
was always greater in Lothal than at any 
other place in the surrounding area. So I 
speculated that Lothal could also have been 
a port or a dockyard.

This created a lot of controversy. Some 
people said that the excavated area that I 
said was a dock was merely a bath house. 
But Mohenjodaro, a city with four times the 
population of Lothal, had a really small bath 
area. So why would they build such a big 
bath in Lothal? 

Also, there were locking gates to trap the 
water. A German scholar claimed that it was 
for water storage. We then excavated a stone 
anchor that disproved his theory.

Paniker, the former director of the National 
Institute of Oceanography, later called Lothal 
“the fi rst ever dockyard in the world”.

How challenging was it to study an ancient 

script?

I studied the Indus script in great detail. 
I found that it shared some features with 
Ashoka’s Brahmi script, even though the 
writing in the latter had evolved a lot. I 
spent decades studying the script, and I have 
slowly come to understand it. 

I realised that the Harappan people used 
both letters and pictures to convey meaning. 
The only way to interpret it, is by using the 
knowledge that it was a phonetic script, that 
each letter had a sound value.

For instance, suppose someone wanted 
to write the word ‘vrishaha’ (meaning 
tree), using the Indus script – how would 
they show it? They would draw a scorpion 
(vrishchika in Sanskrit), followed by the 
letters ‘aa’ and ‘ha’. Just look at the ingenuity 
of the language!

With the ASI, you have been part of 

restoration work too. What kind of 

problems have you had to face there?

Well, for example, the 150-foot temple in 
Dvaraka needed repairing, as the sea salt 
was affecting the sandstone in the temple. 
If we made repairs with the same kind of 
stone, it was likely to react to the sea air in 
the same way again. We decided to consult 
some experts from the fi eld of chemistry. 
They advised us to use stone that was 
already saturated with salt, so it wouldn’t 
absorb any more salt and would stand 
strong. That is how science aids our work..

“ 
This was met with a lot of controversy. Some 

people said that the excavated area that I 

said was a dock was merely a bath house. But 

Mohenjodaro, a city with four times the population 

of Lothal, had a really small bath area. So why 

would they build such a big bath in Lothal?

t 

April 2011
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If Dr Digi is lucky, she will 
fi nd something nearby 
that will help her date 

her fi nd – a stone tablet or 
a coin with a year inscribed 
on it, and hopefully in a 
script she understands. But 
archaeologists are not always 
that fortunate. More often, 
they estimate the age of what 
they fi nd based on how deep 
it has been buried in the 
ground and how far away it is 
from the other objects whose 
age they know. The objects 
are then sent to a lab where 
technicians use some terribly 
clever methods to date them 
precisely.

Dating People

Things that were once living 
– like cloth, wood and bone 
– are often dated using a 
technique called radiocarbon 
dating. It works like this. All 
living things have carbon in 
them. And carbon comes in 
three fl avours: C12 which 
accounts for 99% of all 
carbon on the Earth, C13, 
which makes up most of the 
remaining 1%, and in a very, 

DR.DIGI AND 
THE SKELETON

Dr Digi has just 
unearthed a skeleton 
with its head lying 
on what remains of a 
wooden block. Around 
it are a few clay pots. 
How can Dr Digi fi nd 
out how long ago the 
person was buried?

very small quantity, C14. 
All living things have these 
types of carbon in the same 
proportion as the atmosphere. 
But once a plant or animal 
dies, it stops receiving 
carbon from the outside. And 
only C14 starts reducing in 
quantity. This is because C14 
has the habit of turning itself 
into nitrogen very slowly – 
it takes 5730 years for the 
original quantity of C14 to 
turn into half the quantity, 
another 5730 years to turn 
into a quarter, and so on! A 
lab technician can measure 
how much C14 is still 
remaining in a bone sample. 
And with this information, 
he can tell how long ago Dr 
Digi’s skeleton was a walking, 
talking human being.

Dating Pots

Now for Dr Digi’s pots. 
Since pottery survives for a 
long time, it is commonly 
found at dig sites, and many 
techniques help date it. 
One method uses the lesson 
learned from leaving a biscuit 
packet open to the air: the 

biscuits attract moisture and 
become soft. This applies to 
pots as well. They too are 
baked, which essentially 
means that all the water in 
the clay is removed. From 
the time the pot cools down 
though, the clay starts 
absorbing moisture (though 
at a much slower rate than 
biscuits). 

When a pot has to be dated 
in the lab, it is fi rst weighed, 
heated to remove moisture, 
and then weighed again. This 
allows scientists to fi nd the 
weight of the moisture in 
the pot. Scientists also know 
the rate at which different 
kinds of pots absorb moisture, 
and so the lab technician 
can tell how old Dr Digi’s 
pots are! This method could 
have been called something 
simple (biscuit dating?) but as 
science loves long words, it is 
called rehydroxylation dating.

A similar technique uses 
radiation instead of moisture 
to date excavated pots. Clay 
stores energy from different 
kinds of radiation that it 

ha
las
ag
as
lig
Th
an
th

I
for
tan
m
th
an
it i
ho
so
m
an
th
if t
An

by Srinath Perur
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has been exposed to, since 
last heated. When heated 
again, it gives out this energy 
as light. The brighter the 
light, the older the sample. 
This technique goes by 
an even longer name – 
thermoluminescence dating.

It turns out that a special 
form of dating can be used for 
tandoors and other kinds of 
mud or clay ovens. We know 
that a magnetic needle turns 
and points north-south when 
it is free to move – this is 
how a compass works. Now, 
some substances present in 
mud and clay are magnetic, 
and at high temperatures, 
their particles behave as 
if they were tiny magnets. 
And every time a mud oven 

cools, these tiny magnets 
stay stuck in the north-south 
direction. The magnetic north 
and south poles of the Earth 
change slowly over time. By 
examining these ovens, we 
can fi nd out where the poles 
were, the last time the oven 
was used for cooking! Which 
will also tell us how long 
ago the oven was last used. 
This process has the most 
tongue-twisting name of all – 
archaeomagnetic dating!

Dating Trees

A particularly cunning 
method for dating wood 
uses the fact that trees add 
a growth ring to their trunk 
every year. The thickness and 
colour of the ring depends 

on temperature, rainfall, 
soil, and the fact that trees 
growing together have 
similar patterns of rings. So 
the pattern of rings on a tree 
trunk acts as a fi ngerprint 
that tells us where and when 
the tree grew. Dr Digi’s 
block of wood could be dated 
using this method, called 
dendrochronology. Phew!

There are many dating 
methods in addition to the 
ones we have mentioned 
here. Often, more than one 
method has to be used so that 
objects can be dated more 
precisely. So between the 
skeleton, the pots and the 
wood, Dr Digi should get a 
pretty accurate date for her 
fi nds!.

April 2011

Photo: Chemists conduct tests 
on some bones that were dug up 
in Dholavira. (Image courtesy: 
Archaeological Survey of India)
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The Rock      
Art Hop

by Dr. Urmi Biswas

Photos: (1) Kauva Khoh/Hathvani rock shelters: animal and human fi gures (ref. 
Dr. Rakesh Tewari). (2) Panarpani rock shelter, Panchmarhi: human fi gures. 
(3) Maradeo rock shelter, Panchmarhi: animal fi gure (photos 2 & 3 by author)

(1)(1)(1)(1)(1)(1)((1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1(1(1(1)(1)1)(1)(1)(1)1(1(1)(1)(1))( )1)(1)(1)(1))111(
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Prehistoric rock art can be found 
littered across the world’s caves. 
Across the edges and surfaces 
of rocks in Spain, France, South 
America and Africa, prehistoric 
artists have drawn pictures of 
animals and everyday life, painted 
in pigments of red, green and 
yellow. Closer home, the ancient 
caves of Bhimbetka in Madhya 
Pradesh feature some of the oldest 
rock paintings, showing scenes of 
hunting, people and a plethora of 
elephants, antelopes, lizards and 
crocodiles. But what did this art 
mean and who created it?

Err...what is rock art?
Rock art refers to paintings and engravings 
that are made on rock shelters, boulders, 
stones, bones, ostrich egg shells and so on. 
Of these, the images that are painted are 
called pictographs and the ones that have 
been carved or engraved are known as 
petroglyphs (petro is a word for ‘rock’ and 
glyph means ‘fi gure’).

But who painted them, and why?
Our prehistoric ancestors painted inside 
caves and etched on stone surfaces. 
Archaeologists have come up with many 
interpretations to explain why prehistoric 
people made these paintings. Recent 
research proposes that rock art was not just 
about drawing pictures, but was ritualistic 
and symbolic. What we do know for sure 
is that these early artists painted about the 
lives they lived.

What were the paintings about?
The subject matter depicted in the paintings 
include hunting scenes, animal, human and 
geometric fi gures, social groups, plants, 
fl owers and even objects of transport. 
Pictures belonging to a hunting-gathering 
society show people using microlith-barbed 
weapons like spears and arrows. While 
paintings that were made by food-gathering 
or agricultural societies show domesticated 
animals like humped cattle, goat, sheep and 

yoked oxen. Then there are paintings which 
are snapshots of everyday life, like fi shing, 
honey collecting, dancing, singing and 
musical instruments, eating and so on.

Where can I see some rock art?
Rock art is found in many parts of the 
world like South Africa, Australia, North/
South America, Europe, Southeast Asia and 
Indonesia. India is also rich in rock art. It 
has been found in sandstone and granite 
areas extending from Ladakh and Zanskar 
Valley in the north to Kerala in the south, 
and from Gujarat in the west to Orissa, 
Assam and Manipur in the east. Most of the 
rock art, however, has been found in the 
Vindhyan ranges of Madhya Pradesh. Some 
of the well-known rock art sites set here are 
at Bhimbetka and Panchmarhi.

How old are the paintings?
These paintings are very, very old. Some 
of them belong to a period as early as the 
Upper Paleolithic Age (around 40,000 years 
ago) and stretch  up to the Historic period. 
This means that some rock paintings are 
tens of thousands of years old!

What colours have been used in 
these paintings?
Most of the paintings have been made in 
red. The next most frequently used colour 
is white. Some of the earliest paintings are 
in green and yellow. The painters used the 
natural resources available near the sites to 
make these paintings.

What can we learn from rock art?
Rock art is an important source of study  
that allows archaeologists to understand the 
minds, societies and day-to-day lives of our 
ancestors. These fascinating pictures offer a 
glimpse into the technological, cultural and 
social lives of prehistoric people..
References:
V.H. Sonawane 2002. Rock Art of India in Indian Council 
of Historical Research, Monograph Series 6, Recent studies 
in Indian Archaeology, K.Paddayya, ((ed), Munshiram 
Manoharlal Publishers Pvt, Ltd, New Delhi, pp-266-294.

Urmi Biswas, 2007. Doctoral Thesis titled Cognitive Content 
of Indian Rock Art, Department of Archaeology and Ancient 
History, The M.S. University of Baroda.
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by Chaitanya Krishnan
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LOVE THY 
NUMBER

Here is a map of India. Maps like this 
are usually colour-coded in such a 
way that neighbouring states have 
different colours. This is so that they 
can be easily distinguished. Can you 
colour the map of India in this way? 
Can you do it with fi ve colours? Four 
colours? Three colours?
What about the map of the USA 
on the opposite page? What is the 
minimum number of colours you will 
need to fi ll it, without neighbouring 
states having the same colour?

by Sharvari Nadkarni
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Both these maps can be 
made using only three 
colours. But not all two-
dimensional maps have 
this property. 

Take a look at fi gure 1 
to the right. How many 
colours does it require? 
What about fi gure 2?

That’s right, both these fi gures require four colours. It turns out that any two-
dimensional map that is coloured so that two adjacent regions have different 
colours, can be coloured using four shades at most. In mathematics, this is called 
the ‘Four-Colour Theorem’.

What exactly do we mean by adjacent? Two regions are said to be adjacent only 
if they share a common boundary. This boundary cannot be an isolated point. 
For example, if four rectangles intersect at a point, each rectangle has only two 
‘neighbouring areas’, and you can colour such fi gures using only three colours. 
The Four Corners region of the USA where the states Utah, Colorado, New Mexico 
and Arizona touch can be coloured with only three colours.

This theorem was fi rst postulated in 1852 by Francis Guthrie, a South African 
mathematician. While the theorem is easy to state, it took more than a hundred 
years after it was postulated to prove it. In 1976, Kenneth Appel and Wolfgang 
Haken from University of Illinois in the US proved the theorem using a computer. 
It was one of the fi rst major theorems to be proved using digital technology..

rni

fi gure 1

fi gure 1 fi gure 2

fi gure 2

29April 2011
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SPECULATIVE 
FICTION

Old Billoo, an Eagle Owl, is always 
surprised to see a few odd-
looking creatures turn up near 

her nest. They land on her branch, nearly 
unconscious, and swoon and fumble until 
she takes them by their hands to her nest. 
They – Billoo calls them Boobuks – have the 
oddest features. Hands and legs like human 
beings, but mouths that are evolved beaks, 
with bald heads resting on bodies that 
resemble featherless chicks. And they are 
all the same size.

It takes two or three days for the Boobuks 
to become well again. During this time, 
Billoo takes great care of them. She feeds 
them and cleans them up. After the resting 
period, the Boobuks try to fl y around. 
But they can barely hover in the air for a 
minute. Billoo wonders to herself, every 
time, “What an effort it must have been for 
them to reach my nest.” For her nest is built 
right on top of a very tall tree.

After this, the Boobuks go looking for a 
green, cylindrical-shaped thing they call 
Capsule. Billoo knows the routine now 
– their search will take them across the 
jungle fl oor – but she still follows them 
closely. She wants to protect them from the 
snakes and other dangers.

As for the Boobuks, they wish they could 
tell her, their old mother ancestor, how 
fortunate they feel to be in her presence. In 
their planet, Zook, when they discovered 
that their species originated from her, 
it also came to light that she lived ten 
millennia ago on the planet they call Earth. 

They dearly wanted to meet her, but how 
could they? A scientist proposed time travel. 
They would go into the past, ten thousand 
years back, to meet her. Work and research 
began immediately.

Ethical questions were asked – wouldn’t 
time travel reduce all the dead to merely 
living in the past? What about respecting 
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Billoo and the Boobuks
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story by Gankhu Sumnyan

artwork by Ritoparna Hazra

In the jungle, the Boobuks fi nd their 
Capsule. With Billoo’s help, they haul it near 
her nest and they refl ect sadly that they will 
be the last to do so.

Billoo is unaware of their sentiments. She 
lives in her own time – looking forward to 
the seasons, rebuilding her nest, storing up 
food. Very soon, she will have children of 
her own, become a mother. She will go from 
one stage of life to another.

She doesn’t mind the Boobuks, not at all. 
Only, they seem to be exceedingly attached 
to her. Yet they always disappear, to no one 
knows where..

“ They have 
the oddest 

features. 
Hands and legs 

like human 
beings, but 

mouths that 
are evolved 
beaks, with 
bald heads 
resting on 

bodies that 
resemble 

featherless 
chicks.

el. 
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the deceased? Wouldn’t some people use 
time travel for their own selfi sh purposes?

But in the face of overwhelming public 
approval, all opposition was put down. Soon, 
the fi rst Capsule was built. As it was fl agged 
off, even the hardest of sceptics couldn’t 
help sighing: what a historic moment for 
their species!

And thus, the fi rst three Boobuks 
reached Billoo. There have been two more 
expeditions since, and this one is the last. 
For in Zook, public opinion has changed 
– they say now that Billoo ought not to be 
disturbed time and again, that she not be 
made a scientifi c object.

s

April 2011
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HERE'S 
HOW

Slipping of tectonic plates under each other close 
to Japan’s shoreline triggers a massive earthquake, 
about 24 km under the sea. It measures 8.9 on the 
Richter scale, the largest recorded in Japan’s history.

NORTH AMERICAN
Tectonic Plate

Tremors cause buildings to rattle, roads to twist 
and bridges to fall.  Meanwhile, the vertical 
displacement of the sea bed creates fast moving 
waves across the Pacifi c.

Towns and cities continue to experience 
aftershocks. Oil refi neries and buildings catch 
fi re. The waves build up in height up to 10 
metres as they reach the shore, carrying boats 
and ships with them. 

The tsunami hits the coastline about 10-30 
minutes after the earthquake, sweeping 
everything in its path, including planes, 
trucks, trains and houses. 

March 11,  2011, 2:46 PM Japan Pacifi c Ocean

SENDAI

TOKYO

EPICENTREJapan

PACIFIC
Tectonic Plate

33 ft
tsunami

wave

hapless 
human6 ft

34 Infographic by Pencil Sauce

Japan, a country that lies in the seismically sensitive area known as the Pacifi c Ring of 
Fire, was devastated by the combined assault of an earthquake and a tsunami last month. 
The disaster led to hundreds of deaths, widespread destruction and a near-meltdown (at the 
time this issue went to print) at the Fukushima nuclear power plant. This is how it all began:
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SOLUTIONS 
& WINNERS
Solution to ‘Cross Connection’, Issue 4

HEADS UP! Our popular Q&A column ASK 

US WHY returns next month. Send us your 

burning science questions, and we will 

douse them with our giant answer-spewing 

doubt-extinguisher!

The winner of the Issue 3 
‘Caption Contest’ is Pratyush 
Padmanabhan from New Delhi! 

We asked: 
What did one brain say to the other 
when it was asked, “What’s the 
matter? You seem a little nervous!”
 
Pratyush’s response was:
"That’s because my human forgot 
to shut down his nervous system 
before he went to sleep!"

Congratulations, Pratyush! You 
have won an awesome goodie bag 
for being so corny!

brainwave5.indd   38brainwave5.indd   38 21-09-2012   14:27:1221-09-2012   14:27:12



37

a deadly business

Everybody dies eventually. This is one 
fact that we are all absolutely certain 
about. But death is not just an event. It 

is also a process.
There are two stages to death: the somatic 

and the cellular. Somatic death happens 
when a person is irreversibly unconscious 
and unaware of herself and the world. 
Cellular death occurs when the body’s cells 
slowly quit respiration and metabolism.

The different tissues of the body and their 
cells usually die at different rates (except, 
perhaps, during a nuclear explosion, when 
all the cells may die together). The brain 
cells are the fi rst to die. They do so within 

three to seven minutes after they are 
completely deprived of oxygen. So in the 
somatic death phase, the intricate production 
line inside the body – the one that takes 
oxygen and converts it into energy – starts 
breaking down. Then, the cells die one by 
one, and the body starts decomposing.

But the defi nitions of death are changing.  
In the past, if the heart stopped beating and 
the lungs stopped breathing, a person was 
considered dead and that was the end of the 
story. Now, resuscitation technology has 
improved vastly, and (nearly) dead people 
have started coming back to life! So ‘brain 
death’ is the popular, new defi nition of death.

Cheating death
In theory, if the body can be preserved in 
a fresh state, while its cells are still alive, 
future advances in technology may give it a 
second chance at life. This strange-sounding 
idea has led to the practice of storing dead 
people in super-cold environments for a 
hefty fee.

After a person is legally dead, cryo-
preservation (preserving the body in sub-
zero temperatures) keeps the cells alive. 
This is done in the hope that resuscitation 
or revival processes in the future will be so 
advanced that the dead can be brought back 
to life someday.

The reality though, is that the body starts 
to spoil immediately after death. As every 
second ticks, the amount of damage to the 
body and brain increases. So the biggest 
challenge in cryo-preservation is to avoid 
dying far from your cryogenic facility. In 
fact, it would be most effi cient to die in the 
cryogenic facility itself. 

Of course, the other option is to just stop 
worrying so much about death, and devote 
your energies to staying alive instead!.

To freeze, 
or not to 
freeze...

by Dr. Jandeep Banga / Curiouscity
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ACROSS 

1. Lothal is an ancient city of the 
_____ Valley Civilisation (5)
4. Dates before the year 1 AD (3)
6. The number of rocks a 
monolith is carved out of (3)
7. The buried city of Pompeii is 
part of this ancient civilisation (5)
9. Ancestors of the modern 
Eskimo or Inuit people (5)
11. Breed of cat depicted in 
ancient Egyptian wall paintings 
(3)
14. Sun, in Latin (3)
15. The Great Pyramid of Giza 
was built as a tomb for this 
Pharaoh (5)

DOWN

1. ‘Ötzi’ or the ‘Similaun Man’ who lived 5300 years ago in the Alps, 

was found mummifi ed in this (3)4. Dates before the year 1 AD (3)
2. 550, in Roman numerals (2)
3. Former name of Thailand (4)
4. The Age following the Stone Age (6)
5. In a large European medieval household, this was the place that 
supplied water for drinking
and for washing oneself (5)
7. The prescribed procedure for conducting a ceremony, handed 
down from ancient times (6)
8. Hemispherical ceilings found in Persian and Roman architecture 
(5)
10. One of the largest cities built by the Sumerians in early 
Mesopotamia (4)
12. Greek letter: A symbol of life in ancient times; now the ‘time 
constant’ in physics (3)
13. Chinese Emperor of the Han dynasty who adopted Confucianism 
as a state doctrine (2)
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Inside front cover 
Fibonacci sequence: a mathematical 
series in which each number in the 
sequence is the sum of the previous two

p06  Terminal: the end of a line where 
signals are either transmitted or received

p07  Subatomic particle: a unit of 
matter smaller than an atom 

p12  Reservoir: a place where water is 
collected and kept for use when wanted

Citadel: a strong fortress that sits high 
above a city

p15  Mattock: an agricultural tool whose 
blades are at right angles to the body

Auger: a tool used to bore holes in the 
ground

p28 Microlith: a small stone tool

p34  Tectonic plate: layers of the earth’s 
crust whose interaction causes continental 
drift, earthquakes, volcanoes, etc.

Displacement: the act of moving 
something out of its place

Aftershock: an earthquake that follows 
in the same vicinity as another, larger 
earthquake

p37  Metabolism:  the set of chemical 
reactions that occur in living cells

Resuscitation: the act of restoring 
consciousness

GLOSSARY 
OF TERMS

NOTES
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THE PERFORATED JAR

what
is it for???

Write to us at 
brainwave@ack-
media.com. The 
most creative 
theory will WIN 
an amaaaaazing 
ASTROSCOPE!

N
g 
E!

Archaeologists have been arguing for decades about the purpose of this 
holey Harappan jar. This month, pit your own cool ideas against theirs!

Copyright © 2011, Brainwave Magazine. All rights reserved.
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Dear Reader,
It was the Russians who kicked off the Space Race, when 
they launched the Sputnik satellite in 1957. The Cold 
War between the USSR and the USA was just warming 
up then, and the launch of the fi rst Sputnik frightened 
the Americans so much that they gave their fear a name, 
calling it the Sputnik Crisis. It began a mad contest 
between the two superpowers, leading, fi fty years ago 
last month, to the Russian Cosmonaut Yuri Gagarin 
becoming the fi rst human to visit outer space (preceded 
by a whole menagerie of ill-fated animals, from fruit 
fl ies to monkeys, that was sent out to fi rst test the cosmic 
waters). Our species now had its fi rst foothold in the 
worlds beyond our little world. Over the next twenty 
years, the Russians carried out an unmanned landing on 
the Moon, conducted the fi rst spacewalk and set up the 
fi rst space station, among many other milestones. The 
American space agency, NASA, meanwhile, set their own 
hugely successful space programme into orbit, the apex 
of which was the famous landing of Neil Armstrong and 
Buzz Aldrin on the Moon in 1969. 

Much has changed since those giddy early days. The 
Soviet Union has collapsed, the NASA is now the leader 
in space technology, and a spew of new, emerging 
superpowers have gotten in on the action. India, one of 
these newbies, has grown over the decades into a force 
to be reckoned with. This issue’s cover story is about 
how we got there, and some of the people who made it 
all possible. The rest of the issue contains many strange, 
oozy, slimy, weird and wonderful things. I know you’re 
just itching to get into it, so I won’t keep you!

Scientifi cally,

Vinayak Varma, Editor
vinayak.varma@ack-media.com

Space Invaders

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover artwork by 

Bombay Duck Designs

Printed at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 

Scientificcally,

Vinayay k Varma, Edi
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Different people can count a different 
number of stars in the sky, based on 
how and where they count from. 

If you count during the day, you will 
see only one star — the 
Sun. But at night, the 
number of stars seen 
depends on where 
we are. We tend to 
notice fewer stars 
if there are bright 
lights around 

us, if there is smoke or dust in the air, 
and when the Moon is out. So, if you are 
looking at the sky from a city, you will be 
lucky to catch a glimpse of even a few 
hundred stars. The maximum number of 
stars will be seen from an elevated place, 
such as on a mountain top, with no Moon 
in the sky, no lights nearby and clear air. 
The stars visible in such conditions are 

listed in a book called the Bright 
Star Catalogue. At present, it 

lists around 9100 stars. But 
standing in one place, we 

can only see about half 
the sky surrounding the 
Earth. So, only about half 
that number, i.e. 4550 
stars, are visible at any 
given time.

Of course, we only talked 
about the stars we can see 

with our naked eyes. If we use 
binoculars or a telescope, far more 

become visible. But even these are a 
very small part of the total number of 
stars in our universe. Most cannot be 

seen at all as they are simply too far for 
their light to reach us. .

How many 
stars 
can we see 
in the sky?
by Srinath Perur
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www.atmosphir.com/download 

Make Your Own

If you’ve ever wanted to make your own game 
but haven’t tried because it seemed too difficult, 
take heart. Things are about to change.

First, head to this cool online project we found:

You can use Atmosphir in your browser (a fast 
Internet connection helps). If you have a slow 
connection, don’t worry, the site has a 
downloadable version of the game builder at:

Whatever version you pick, you’ll need to join the 
site first. This will allow you to store your saved 
games online. You can access them from 
anywhere, or even share them with friends.

Start building! Just drag and drop objects from 
the libraries, add behaviours that allow these 
objects to work the way you want them to, and in 
no time, you’ll have your own game!

Learn from others. There are hundreds of users 
from around the world building games with 
Atmosphir. You get to try out and learn from their 
games too.

Here’s a look at some of the games other 
Atmosphir users have created: 

To make your own game on Atmosphir, all you 
have to do is join the site for free, install a plugin, 
and you’re ready to go. Seriously, that’s all there 
is to it! Here, let us walk you through it...

First, head to this cool online project we found:roject

osphir, all youTo make your own game on AAtmo
install a pluginhave to do is join the site for free

www.atmosphir.com 

You can use AtAAtmosp
Internet connection

is to it! Here, let us

1
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users have created: Atmosphir u

Valley of the Dragon 
[Blockart10]
by maximumdragon

Multiplayer Mario Style [Capture2010]
by cmmatzat

Explorer's Planet
by Platformer

r's Planet
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by Chaitanya Krishnan
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Previously: 
Brinda and 
a fuzzworm 
fought to rule 
Suresh’s brain.

Let’s compromise. We can 
rule on alternate days, 
Fuzzworm. You can even 

go fi rst.

Screw 
loose or 

what?

Ey 
what 
ya?

Acting 
nice does 

pay!

Brinda decided to 
try playing nice.

Suresh man, you have 
ear worm! Gross!

Shuttup, ok? 
Riff raff!

Eat cold 
pavement, 
fuzzworm!

a stretchy 
ganglion

pituitary 
gland

meningeal 
fl uid

hypothalamus 
(underwater)
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brain
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07

The Original Solar Clock

6. Cut along line XY.
7. Fix the side AZ of the triangle on line 
DE, standing perpendicular to the sheet 
of paper.
8. Place your sundial in the sun with line 
XY pointing north, and point E facing 
south. When the Sun is out, the shadow of 
the triangle will indicate the time.

1. Draw a horizontal line XY across the length 
of the KG cardboard. From the mid-point of XY 
(D) draw a perpendicular (CD) that equals the 
shortest side (AB) of the triangle.
2. Divide the space above line XY into 12 sectors 
of 15 degrees each, using D as the centre.

3. Draw a line DE equal to the 
hypotenuse AZ of the triangle.

4. Join the end points of each sector to point E.
5. Mark the twelve hours (from 6am to 6pm) at 
the points of intersection with line XY. The two 
ends are 6am and 6pm, and the perpendicular at 
point D is 12.

6 C l li XY

p p p
point D is 12.

07

You will need:
A ruler . A right-angled triangle, ABZ (cut out from paper), with one 
angle being the same as the angle of local latitude. You can fi nd out your 
local latitude online at http://www.satsig.net/maps/lat-long-fi nder.htm) .A sheet of KG cardboard  (chart paper) .A pencil .A compass.A 
protractor .Scissors
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by Arvind Gupta (visit www.arvindguptatoys.com for more!)
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THE RACE 
TO SPACE

Follow the galactic 

adventures of a bunch 

of super-brainy Indian 

scientists as they shoot 

rockets, satellites and 

hyperplanes into the 

endless expanse of Space                           

text by Prakash Chandra \  artwork by Pencil Sauce

brainwave6.indd   10brainwave6.indd   10 21-09-2012   14:30:3721-09-2012   14:30:37



A
rtw

ork
: G

a
u

ra
v B

a
su

 / P
en

cilsa
u

ce

A
rtw

ork
: P

ra
bh

a
 M

a
llya

 / P
en

cilsa
u

ce

May 2011 09

ASTRONOMY
Ancient texts tell us that Indian warriors 

used rockets as weapons during wars, 
much before they were invented in 

the West. But that’s the stuff of stories and 
legends. In real life, the use of rockets to 
travel to space began for real just after the 
country won its independence. That’s when 
a visionary scientist named Vikram Sarabhai 
kick-started the country’s space programme.

T minus 1 and blast off!

On November 11, 1947, young Sarabhai, 
a physicist, set up the Physical Research 
Laboratory (PRL) in Ahmedabad. This small 
centre was where the country’s top space 
scientists experimented with the ABCs of 
modern space technology and astrophysics 
for the fi rst time. 

And then, in 1969, Sarabhai, who was by 
now known as the Father of India’s Space 
Programme, helped create the Indian Space 

Research Organisation (ISRO for short). Over 
the next few decades, ISRO would grow into 
a behemoth space agency and play a crucial 
role in defi ning India’s future in the space 
race.

Sputnik: A series of strange events

The years between the fi fties and seventies 
were exciting times for space buffs all 
around the world. In 1957, the former Soviet 
Union (or the USSR) sent the world’s fi rst 
artifi cial satellite, Sputnik I, into orbit. This 
historic event sent the two superpowers (and 
arch rivals) at that time – the United States 
and the USSR – into a head-to-head ‘Space 
War’. 

As they each tried to outdo the other in a 
mad rush to gain supremacy over outer 
space for the next two decades, Science 
turned out to be an unexpected winner. The 
Space War ushered in the Space Age, an 
amazing time when we learned lots about 
space technology, travel and exploration, 
and began to understand Earth’s place in the 
universe.

Mission control: HQ Thumba

While the superpowers competed for a 
place in space, India too decided to get in 
on the action. The launch of Sputnik I in 
1957 inspired Indian scientists like Dr. Homi 
Bhabha (the country’s foremost nuclear 
scientist) and Sarabhai to take the country’s 
newborn space programme to the next level. 
And so the search began for a good location 
for India’s fi rst rocket launching station. 
Without rocketry, of course, there could be 
no space exploration.

Sarabhai travelled the length and breadth of 
the country scouring for possible locations, 
until he arrived at Thumba. Thumba was 

ce                           

28-year-old Vikram Sarabhai sets up the Physical Research Laboratory (PRL) 
and kicks off the Indian space programme in 1947.
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RADIO transmitted 
Morse code signals 
of temperature and 
pressure conditions 
in the atmosphere.

ANTENNAE made
up of two rods each 
transmitted radio signals 
to the Earth.

HEAT SHIELD made 
of highly polished 

1mm thick alloy.

POWER SUPPLY 
weighing 51 kgs 

powered the 
radio transimtter 

and fan.

Rocket R7 
carries Sputnik, 
weighing only 
83 kgs, in its 
nose.

After two stages of 
engine burn out, 
Sputnik is ejected 
from the nose at a 
height of 960 kms 
from the surface of 
the Earth.

Sputnik takes about 
96 minutes to orbit the Earth 
each time. Its journey in space  
lasts three months.

Fold here as shown
to make A meet B

Sputnik I was 
the fi rst man 

made satellite 
built by the 

Soviet Union. 
Its launch on 

Oct 4, 1957 
triggered the  

well known 
Space War 

between the 
United States 
and the USSR

SPHERICAL SPUTNIKSPHERICAL SPUTNIK

SIZE MATTERS!

5.5 1.9 4.6 80 357
HUMAN SPUTNIK ARYABHATA INSAT 3 INTERNATIONAL SPACE STATION

ft ft ft ft ft

1

2

3

4

‘Sputnik’ in 
Russian means 
‘travelling 
companion’

Sputnik 2 
carried Laika, 
the fi rst dog 

to travel into 
space
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a lazy fi shing village on the outskirts of 
Trivandrum, and it lay bang on the Earth’s 
magnetic equator. In 1963, the Thumba 
Equatorial Rocket Launching Station 
(TERLS) was ready for use. 

Soon, the country’s scientists began 
launching American-built experimental 
‘sounding rockets’ from Thumba, to carry 
out atmospheric research. These rockets 
carried instruments that took measurements 
and conducted experiments just as they left 
the Earth’s atmosphere. How do you think 
the instruments in these sounding rockets 
worked? Go fi nd out and tell us!

Captain Sarabhai and his crew

But all was not hunkydory in these early 
years of space research. Indian scientists 
had a cracker of a job on their hands as 
they worked out the nitty-gritties of three 
major areas related to space – remote 
sensing, communications and meteorology. 
[The lowdown: Remote sensing is when 
information on the Earth’s surface is 
gathered by aircraft, satellites, and 
spacecraft. Communications satellites, well, 
help us communicate. And meteorology 
is what your weather man studies to tell 
you what’s going on with the Earth’s 
atmosphere.] As the team of hard-working 

scientists tinkered with advanced rocket 
technology, they also had to make do 
with measly budgets to solve enormous 

challenges.

The early 
facilities at 
Thumba 
weren’t so 
great. It 
had “one 
launcher, a 
church and 
some old 
fi shermen’s 
dwellings,” 
says R 
Aravamudan, 
one of 
Sarabhai’s 
handpicked, 
NASA-trained 

men, who later went on to become the 
director of Sriharikota Space Center (SHAR), 
where a launch pad for satellites has been 
set up. “We sat in the church building, which 
we shared with generations of pigeons. All 
those facilities which Sarabhai talked of 
were very much a dream…” It was all so low 
rent that the scientists had to carry sounding 
rockets, up to the makeshift ‘launch pad’ that 
sat on a hill, on their bicycles!

In the 60s, Dr. Sarabhai sets up the Thumba Equatorial Rocket Launching 
Station and the Indian Space Research Organisation.
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Eating in space is challenging. Space travel 
means that we need to carry food that lasts 
months together without rotting. Another 
challenge is zero gravity, which makes food 
and liquids fl oat! Read on to learn about 
how and what we astronauts eat in space!

We decide our menu months before our 
journey. This is because it takes time to 
prepare and treat the food for the mission. 
(Remember, we have no refrigerators in the 
spaceship!) Before being vacuum-packed, 
food is dehydrated or sterilised. Fresh fruits 
need to be consumed during the initial days 
of our trip. Our food is also rich in calcium 
since bones can get weak in zero gravity. 

Liquids are packed in special pouches to 
make them easy to drink in microgravity. 
Since water supply is limited, we can’t afford 
to waste any aboard the ship. Our equipment 
is so smart that it recycles every drop of 
water, including humidity in the cabin, 
generated by breathing,  and even pee. Do 
not worry though, the water that we drink 
here is purer than any you’ll fi nd on Earth!

Since everything fl oats, we strap our food 
trays onto our laps. Food packets are 
velcroed to the tray and spoons and forks 
are held with magnets! For lunch, I ate 
macaroni, pea soup, candy and lemon juice. 
Salt and pepper are in liquid form as stray 
particles can get into someone’s eye. Trash is 
thrown into the compactor and utensils are 
cleaned with sanitizing wipes. Now excuse 
me while I dig in!

PASTA FOR LUNCH!

12

by Sneha Prasad / Pencil Sauce
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Rocket punch!

At this time, India had not yet developed 
a rocket launch vehicle of its own. ISRO 
depended on the Soviet Union, the US and 
the European Space Agency to send its 
early satellites into orbit. (Psst! In case you 
are wondering, launch vehicles or carrier 
rockets do the job of ferrying satellites and 
explorers from the Earth’s surface into outer 
space.) 

The biggest rockets ISRO launched in the 
mid-70s were part of the ‘Rohini sounding 
series’. Weighing barely 35 kg, they could 
only lift payloads or cargo of less than 80 

kg to a height of 250 km. But these midgets 
served as test beds for the big boosters that 
followed during the 80s: the Satellite Launch 
Vehicle (SLV), Augmented Satellite Launch 
Vehicle (ASLV), Polar Satellite Launch 
Vehicle (PSLV) and the Geosynchronous 
Satellite Launch Vehicle (GSLV). What a 
mouthful, eh?

As ISRO’s horizons grew wider, it became 
increasingly important to set up a launch 
pad for its satellites on the country’s eastern 
coast. Why east? Because an eastward 
launch gives rockets an extra ‘push’, thanks 
to the Earth’s rotation on its axis from west 
to east. (This is why most major launch sites 
like Cape Canaveral in the US and Japan’s 
Kagoshima are on the eastern seacoast.) 

Finally, the island of Sriharikota – then 
an obscure spot on the map – with its 
60-kilometre beachfront, was handpicked 
for the job (see box on p15). Soon, the peace 
and quiet of Sriharikota’s scrub jungles 
was broken by the sound and fury of rocket 
engines as ISRO tested its launch vehicles in 
the 80s. A solid fuel plant, a rocket engine 
test complex, telemetry and rocket tracking 
facilities, all mushroomed quickly.
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In the 70s, a rocket test range is set up at Sriharikota and India’s fi rst satellite, 
Aryabhata, is launched by the Soviet Union.

ce
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what helps in 
Television broadcast, 
Search and rescue, 
and COMMUNICATION in 
india?
join the dots to find 
the answer!

ANSWER: INSAT 3
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Spiralling satellite voyages

ISRO has come a long way since. It 
now builds two kinds of satellites: 
communications and remote sensing. Believe 
it or not, these satellites, high up in orbit, 
have revolutionised our lives down here on 
the Earth in countless ways. Satellites play 
a quiet but important role in how we treat 
diseases, communicate through mobile 
phones, predict weather, harvest our crops 
and avert natural disasters!

So let’s get a little 
more up, close 
and personal 
with India’s fl eet 
of satellites. 
First come the 
communications 
satellites, which 
are launched by 
the GSLV into 
geosynchronous 
orbits, roughly 
58,000 kms above 

the equator. In this 
position, the satellites 

keep pace with the 
Earth’s rotation and 

appear stationary 
from the ground 
(see box on p15). 

India’s major 
communications 

satellite, the Indian 
National Satellite (INSAT) 

system, is one of the largest 
in the world. It helps us make 

international phone calls, watch 
cable TV, listen to radio networks and 

get weather forecasts. More importantly, the 
INSAT enables us to log onto the Internet, 
which depends on satellite communication 
for high speed links.

Next up are the Indian Remote Sensing 
(IRS) satellites. These are launched into 
Sun-synchronous polar orbits (where the 
satellite stays in sync with a place it travels 
over, at the same local time) by the PSLV. 
IRS satellites are useful for observing crops, 
forests, water, marine resources, and to 
assess the damage caused by droughts and 
other natural disasters. 

Of the remote sensing satellites, the IRS-1C 
and 1D are known around the world as the 
best ‘land resource-sensing’ satellites. Get 
this: one of the fi rst images beamed down by 
IRS-1D showed the rural area surrounding 
SHAR, where individual coconut trees and 
huts could be seen in startling detail! Other 
pictures showed vivid and sharp images 
of the Tirupati 
temple, the 
backwaters of 
the Tuticorin 
harbour and 
foam-streaked 
waves in the 
Arabian Sea off 
Thumba.

En

As
pr
an
re
it’s
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Entering deep space

As of now, the focus of India’s space 
programme has been on building rockets 
and satellites. We have also tasted 
remarkable success in both these areas. But 
it’s now time to move onto to other frontiers 

of space exploration. Like landing on the 
moon! The Chandrayaan mission proposes to 
do just that – land a lunar craft on the Moon’s 
surface. 

The Chandrayaan 1 (India’s fi rst unmanned 
lunar probe), which was launched in 2008, 
has already created a fl utter. No American 
or Russian Moon probe has ever carried 
as many research instruments as the 
Chandrayaan did – fi ve from the ISRO and 

SHAR: A Busy Nerve Centre

What do the insides of one of the most 
hi-tech space centres in the country look 
like? The Solid Propellant Space Booster 
Plant (SPROB) alone sprawls over 5000 
acres inside the SHAR complex. It has 60 
separate facilities, which produced the 
solid propellants for the launch of both 
the Satellite Launch Vehicle (SLV) and 
its augmented version, the ASLV. And 
when it was the turn of the PSLV, the 
SPROB was further augmented to handle 
rocket motors three metres long. The 
PSLV complex now routinely handles 
vehicle assembly, check-out and launch 
operations. The 76-metre tall mobile 
service tower (MST) takes care of the 
launcher’s vertical ‘docking’ with the 
satellite on the launch pad itself.

The Mission Control Centre (MCC) – the 
crucial nerve centre of all launch activity 
– is safely tucked away 6 km from the 
complex and is connected to it by an 
umbilical cord of fi bre optic cables. A 
Real Time Computer System (RTS) at the 
MCC monitors the rocket’s fl ight through 
dazzling banks of consoles, switches, 
and dials. It also links the numerous 
monitoring facilities and network 
stations within India and outside. The 
RTS helps ground controllers gather 
and analyse the results of a mission just 
minutes after launch.

ISRO launches several satellite series during the 80s, including the ‘Rohini’, 
INSAT and the Indian Remote Sensing (IRS) satellite. 
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six from other space agencies, signalling 
an era of international cooperation in space 
exploration. The lunar probe’s confi rmation 
of the presence of large amounts of water ice 
on the Moon was a proud moment for ISRO. 
The Chandrayaan 2, which will include a 
lunar orbiter and rover, is slated to set off 
for the Moon in 2013.

The fi nal frontier

The Indian space agency’s wish list also 
includes exploring asteroids (rocky bodies 
that orbit between Jupiter and Mars) and 
the outer reaches of the solar system. But 

the technology needed to do this is highly 
advanced and we’re not quite there yet. For 
instance, ISRO has yet to master cryogenic 
engine technology (which uses super-cooled 
liquid hydrogen and oxygen as fuel — these 
liquid gases burn really well, giving more 
thrust to the rocket). This cutting edge tech 
is crucial for making advanced models of the 
GSLV and PSLV. Only fi ve countries – the US, 
Russia, France, Japan and China – possess 
this technology right now.

But Indian space scientists continue to 
dream big. For example, ISRO is planning 
to offer space rides which will take space 
tourists on week-long spins on board an 
Indian spacecraft in low-Earth orbit! The 
capsule will later be brought down in the 
Bay of Bengal. Almost anyone will be able to 
sign up for these sub-orbital hops, provided 
they fulfi ll basic health requirements and 
fork out a huge sum of money for their 
tickets to space. The Russians already allow 
civilian space travellers to ride their Soyuz 
spaceships – for a hefty fee of course.

Apart from tourism, the future of space 
research belongs to ‘reusable launch 
vehicles’ (RLVs). With low maintenance and 
a quick turnaround time, RLVs could cut 
launch costs to less than a tenth of current 
costs. With this in mind, ISRO is developing 
air-breathing engines for a hyperplane that 
can leave the Earth’s orbit, touch outer 
space, and return to Earth. Initial tests of 
this RLV (named TAV or trans-atmospheric 
vehicle) are on at the Vikram Sarabhai 
Space Centre in Thiruvananthapuram even 
as you read this. If all goes well, in another 
few years, you too may be spacing out in a 
hyperplane! .

Coming in 2011: GSAT-8 launch by the European Space Agency (ESA).
Megha-Tropiques launch (jointly developed by ISRO and its French counterpart 

CNES).Launch of SARAL.GSAT-10 to be launched by the ESA

In 2008, India becomes the sixth nation to launch a mission to the moon with 
Chandrayaan 1, India’s fi rst unmanned lunar probe.
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Aryabhata was the fi rst Indian 
mathematician and astronomer who 
began to understand how the universe 

really worked. His ideas infl uenced the 
whole world.

ASTRONOMY

Much of Aryabhata’s work was an attempt to 
explain the relationship of the Earth with the rest 
of the cosmos. He was one of the fi rst people to 
claim that the Earth rotated on its own axis.
If it weren’t for the discoveries made by 
Aryabhata, the world would probably still think 
that the Moon radiated its own light (instead of 
refl ecting the light from the Sun!). And eclipses 
would still be thought to be caused by random 
demons and gods. And the true shape of the 
Earth’s orbit may never have been understood.
The fact that we know the actual answers to 
all these puzzles, and several more, is thanks 
to Aryabhata and ‘audAyaka’, the astronomical 
system he created.

MATHEMATICS

Aryabhata’s famous text ‘Aryabhatiya’ introduced 
several mathematical concepts that are the 
foundations of modern arithmetic, economics, 
commerce and science.
The decimal-based place value system, which 
computing and almost any business-related 
calculation rely on, came from the mighty brain 
of Aryabhata. He was also one of the fi rst to defi ne 
concepts that led to the birth of trigonometry. 
Aryabhata’s mathematical ideas travelled to 
Europe by the name ‘Modus Indorum’ (translated 
as ‘the method of the Indians’). .
The one major error in Aryabhata’s 
astronomical beliefs was his geocentric 
approach: the belief that the Earth is the 
centre of our universe. He described orbits 
that carried the Sun and the Moon around 
the Earth. However, Aryabhata’s work did 
show some early signs of a heliocentric 
approach, which states, as we know to be 
the case today, that the Earth revolves 
around the Sun.

by Aparn
a Kapur

HE’S MAKING 
A TELESCOPE.

He’s so smart for his age! He’s 

got an amazing grasp of how things 

work. But he spends hours just 

looking and thinking. He carries a 

notebook with him, and is always 

scribbling in it. Some of his notes 

don’t make sense even to me!

This gets Skreee!! & Dr. Dodo thinking. 

What is Arby meant to do? What is the 

future of this bright young mind? 

And how can they help 

him get there?

The senior Smarties decide to visit 

BW Labs’ information vault and see 

what Arby would do when he grows up 

into the great Aryabhata.

17

A
rtw

ork
: P

ra
bh

a
 M

a
llya

 / P
en

cilsa
u

ce

May 2011

r 

d 
e 

he 
S, 

o 
d 

w 

d 

 

brainwave6.indd   19brainwave6.indd   19 21-09-2012   14:30:4821-09-2012   14:30:48



18 AMAZING SCIENCE

This beautiful image shows 
Cassiopeia A (or Cas A), the 

remains of a massive star that 
exploded roughly 330 years ago. Cas 
A is located about 11,000 light years 
away from the Earth. At its centre 
is a neutron star, an ultra dense star 
that the explosion (or supernova) 
gave birth to. Astronomers have 
observed a strange state of matter 
known as a neutron superfl uid at 
the core of this star [see the cutaway 
illustration]. This superfl uid has 
been causing the star to cool at an 
extraordinary rate.

This image is a combination 
of optical data from the Hubble 
telescope and X-rays from Chandra 
(an observatory that was named 
in honour of Subrahmanyan 
Chandrasekhar, the great Nobel 
prize winning Indian-American 
astronomer and physicist).
Photo courtesy: X-ray: NASA/CXC/
UNAM/Ioffe/D.Page, P.Shternin et al; 
Optical: NASA/STScI; Illustration: 
NASA/CXC/M.Weiss 
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A neutron star at the centre of Cassiopeia A, 
and its strange superfl uid core
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How did you get picked to visit the 
Salyut 7?
This was in 1982, at a time when ISRO wasn’t 
interested in manned space fl ights, because 
they were too busy working on launching 
satellites. So the assignment was handed 
to the Indian Air Force by (Prime Minister) 
Indira Gandhi. The Air Force, in turn, 
shortlisted 30 to 40 guys for the programme, 
including me, based on our fi tness levels. 
Stringent medical tests were conducted 
to determine our physical fi tness and 
psychological profi les. Then we were asked 
to volunteer. All of us did. Eventually, after 
more tests, I was picked.

What did the Soyuz T-11 launch 
feel like?
At the start of the launch, we were seated 
facing the sky at the height of a 13-storey 
building. Our capsule was encased in a 
protective metal shroud that reduced the 
drag when we lifted off, so we couldn’t see 
out the windows. It was completely dark, and 
we could only see our electronic monitors. 
And then there were various noises and a 
deep rumbling came from below us when the 
launch sequence was initiated. At lift off, we 
were pressed hard against our seats because 
of the force with which we climbed. Finally, 
when we were in the upper atmosphere, the 

Starman
Just over 27 years ago, on April 3, 1984, the Soyuz T-11 spacefl ight was launched 
out of the Russian Baikonur Cosmodrome, the world’s fi rst working spaceport 
in Kazakhstan. This was the sixth expedition by cosmonauts to the Soviet space 
station Salyut 7. On board the rocket were three passengers, two of whom were 
Russians: Commander Yuri Malyshev and Flight Engineer Gennady Strekalov. 
The third cosmonaut was a young Indian Air Force Squadron Leader named 
Rakesh Sharma who, with this launch, became the fi rst Indian to travel 
into space. Mr Sharma, now a retired Wing Commander and an Ashok Chakra 
awardee, spoke to BRAINWAVE about his fantastic voyage.

an interview with
Rakesh Sharma
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The launch of the Soyuz T-11

Research Cosmonaut
Rakesh Sharma
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metal shroud that covered us fell off. By then, 
we were surrounded by space, so everything 
was still dark, but now we could look out of 
the windows.

So what was that like, seeing space 
for the fi rst time?
The biggest difference was that the stars 
were no longer little twinkling points of light. 
That’s how you see them through the haze of 
the Earth’s atmosphere. In space, they are a 
lot clearer.
And then there are the physiological changes 
that are caused by the lack of gravity. Many 
people experience space sickness, which is 
a lot like sea sickness. The blood collects in 
your head, and you experience nausea and 
a poor sense of balance. Thankfully, I was in 
good shape, so I didn’t go through any of this.

You were at the space station for, 
what, a week?
Eight days.

Wow. How did you keep yourself 
occupied during all that time?
There was a lot to do. We conducted various 
experiments. We carried out remote sensing, 
like multi-spectral photography with 
special cameras that capture many different 
wavelengths of light. With them, we could 
fi gure out the density of forests, minerals, 
metals and other resources on Earth, each 
of which appears as a different colour in 
multi-spectral images. Then there was a lot 
of observation work, medical tests, exercises, 
interviews with the media and so on.

Speaking of exercising, we hear 
that you are the fi rst human to do 
yoga in zero gravity.
That’s right. One of the objectives of the 
mission was to try out yoga as a means of 
combating the effects of zero gravity on the 
human body. I tried three or four exercises 
on a regular basis. There was, let me see, the 

Ustrasana (the camel pose), the Sithilikarana 
Vyayama (a set of loosening exercises), some 
Pranayama (breathing exercises) and one 
other exercise that I don’t recall right now.

How about your down time? What 
did you do for fun, when you 
weren’t working?
There was hardly any spare time, so we were 
never really bored. I had carried a large 
collection of music on board — classical, 
jazz, Hindustani, and instrumental music 
— so I listened to that when I did get a little 
time to myself.

Can you describe your re-entry for 
us?
Well, this time there was no shroud, so we 
could look out the window. The re-entry 
was a fi ery one. The entire capsule was 
enveloped in fl ames. And there were strong 
g-forces acting on us, as Earth’s gravity 
pulled us in. We all blacked out briefl y as we 
entered Earth. Then, at around 30,000 feet, 
a parachute opened up, slowing our descent. 

1 The Salyut-7 space station
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By then, there were helicopters from the 
spaceport that had spotted us and were fl ying 
along with us. We landed at a place called 
Arkylik in Kazakhstan.

Who came to meet you when you 
landed?
First there was a group of doctors, along 
with a lot of press. After this, we were sent 
to quarantine for a week, during which we 
were put through various tests to check if we 
were okay.

Now I’d like to change the subject 
a little, Mr. Sharma. Do you believe 
in aliens?
Yes, I do, but I prefer not to call them aliens. 
The word ‘alien’ carries an unwelcome 
connotation of fear and misunderstanding. 
I prefer to call it a kind of extra-terrestrial 
intelligence. And yes, there’s bound to be 
intelligent life out in the cosmos. We live 
in a huge universe, with mind boggling 
possibilities, and it would be silly of us to 
presume that we were the only form of 
intelligent life.

What is the future of space 
exploration? And why is it 
important?
A lot is going to happen in the future. We’ve 
achieved so much in the past fi fty years, and 
we will achieve a lot more very soon.
There are many benefi ts to space 
exploration. Planet Earth, we now know, is 
critically ill. It will be unable to support us 
for all time. So we need a fall-back option. 
We need to fi rst start trawling resource-rich 
places in our solar system to make our life 
sustainable. We need to fi nd other sources 
of energy, minerals, etc. The next step is to 
start colonizing other planets, which will, 
and should, happen within the next fi fty 
years. The next big trip to the moon will 
have to colonize it, to set up a launch facility 
there.

What about the future of Indian 
space exploration?
You see, space travel is fantastically 
expensive, both resource and money-wise, so 
it would be unwise of each country to think 
of doing all of this on its own. So there’s a 
case for sharing and collaboration. There 
should ideally be a consortium of countries 
contributing to humankind’s collective space 
effort.

Sort of like the Federation in Star 
Trek.
That’s right. Here’s the thing to remember. 
There was a time, back in the days of 
Columbus, when much of Earth was 
unexplored, and there was a lot of 
excitement in travelling and fi nding new 
places. It’s the same thing again, now, with 
space. This is why young people should 
think of working in this area and take it up 
as a profession. Why remain comfortable 
travelling on Earth, which has already been 
mostly discovered, when there’s so much 
that is still to be explored in Space?.

Interview by Vinayak Varma

The crew goofs off in zero gravity
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Send us your completed 
crosswords, and give us 
your feedback! Write to 
brainwave@ack-media.com. 
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SPACED OUT

ACROSS 

1. _____ year: A unit of distance in space (5)
3. Each spiral in a spiral galaxy is known as this 
(3)
6. Weak tides that occur during quarter moons (4)
8. Imaginary line through a celestial body, about 
which it rotates (4)
9. Planets do this around the Sun (7)
14. Prefi x meaning “near”; the opposite of apo (4)
15. The constellation ____ Major, or Great Bear (4)
16. Telescope used to study objects in the X-ray 
spectrum, abbr. (3)
17. Of the Sun (5)

DOWN

1. First space mission to reach the Moon (4)
2. To “star-___” is to use a bright star as guide to 
locate other stars (3)
4. The greater a body’s ____, the stronger its 
gravitational force (4)
5. The long streamer behind a comet head (4)
7. A measure of the rate of expansion of our 
universe helps in estimating its ____ (3)
10. Nothing but empty space (4)
11. The second largest constellation visible from 
Earth, abbr. (3)
12. Solar ____: A point in space towards which our 
solar system is moving (4)
13. A Binary star system involves a ____ of stars (4)
15. An alien’s vehicle, according to earthlings (3)
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Man is one of the 
few species on the 
planet who has 

imagination. He can begin 
sentences with “what if” and 
end them too. One of these 
sentences was the question, 
“What IF the Earth is not 
the only planet in the entire 
great big universe with life 
on it?”

And then of course, Man 
being the social, scheming, 
talkative animal that he is, 
went on to wonder that it 
would indeed be nice if we 
could say hi to people from 
other planets and invite them 
over for a cup o’tea.

Ever since then (perhaps 
back in Mahabharatan times) 
flying saucers have allegedly 
been sighted – friendly tea 
party invitations from people 
from other planets perhaps?

To encourage people to 
contact aliens, a reward 
called the Guzman Prize 
was announced in 1900. It 
awarded 1000000 francs 
“to the person of whatever 
nation who would find the 
means within the next ten 
years of communicating 
with a star and of 
receiving a response”.

The prize was ultimately given 
to these guys (pictured below) 
who landed the Apollo 11 on 
the Moon in 1969.

Carl Sagan was an 
American astrophysicist 
who  popularised the idea 
of sending time capsules 
– usually a goodie-bag of 
objects representing the 
world at this point in time 
– into space. 

The Pioneer Plaque was a 
gold-plated aluminium plaque 
that was sent outside the 
solar system on board the 
spacecrafts Pioneer 10 and 
11 in 1972. The plaque 
contained images that were 
supposed to say hi and 
give information about us 
Earthlings to any aliens 
who intercepted either 
of the Pioneers.

by 
Prabha Mallya

Somewhere, something 
incredible is waiting to 
be known!

except 
mars. 
too 

easy.

clara 
guzman 
gouget

dr. carl 
sagan

edwin 
aldrin

neil 
armstrong

michael 
collins

they didn’t fi nd 
a rabbit on the 

moon, of course.
they found other 
stuff - like moon 

rocks. hmm.

fi gures of a man 
and a woman. 

the man’s raised 
right hand waves 
at an alien in a 

friendly manner.

the position of the 
sun in the milky 

way relative to 14 
important pulsars 
so that aliens can 

fi nd us.

the solar system 

the pioneer 
spacecraft

pioneer plaque
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And that just about started 
a revolution of messages 
going out from us to space! 

This is a graphic of the 
Arecibo message, a radio 
signal which was sent out 
in 1974 into the Great 
Globular Star cluster in the 
constellation of Hercules. 
This cluster oozes 
thousands of stars, which 
made it highly probable 
that the message could 
have hit a life-bearing star 
system.

We’re still sending out 
messages! In 2008, a high-
powered radio signal called 
AMFE (A Message From 
Earth) was sent to a star 
called Gliese 581 (in the 
constellation Libra), said 
to have a small Earth-like 
habitable planet revolving 
around it. 

Millions of people from 
all over the world sent in 
messages and pictures – of 
which 501 were chosen for 
AMFE.

Have any of our messages 
even been received by anyone 
“out there” yet? Perhaps 
they’re lost at the Universal 
Post Office, or some aliens 
are having a hard time 
cracking our coded binary 
puzzles.

The only confirmed message 
of extra-terrestrial origin the 
Earth has ever received was a 
short radio signal received by 
Dr. Jerry Ehman, who was 
up late working in his office 
at the Ohio State University. 
The signal was so strong 
and intense, and suspiciously 
‘non-solar system’ that Dr. 
Ehman actually wrote 
“Wow!” next to it. It has 
since been called the 
WOW! Signal.

The general lack of 
enthusiastic response from 
aliens towards our friendly 
hand of welcome hasn’t 
stopped even the United 
Nations from taking aliens 
rather seriously. 

The next time you meet an 
alien who says “Take me 
to your king,” you need 
to send them to Dr. Mazlan 
Othman, the Director of 
the UN Office for Outer 
Space. She’s rumoured to 
be THE space ambassador 
who’s supposed to deal with 
a question like that.

dr mazlan 
othman

dr. jerry 
ehman 

yevpatoria 
radio 

telescope
transmitting 

amfe

man 
an. 
ised 
aves 
n a 
ner.

the arecibo message

numbers 
1 - 10 the 

elements 
that make  

dna

chemical formulae of 
the molecules (formed 

by the elements 
above) in dna

a human 
being

the earth’s 
population

the solar 
system

arecibo 
radio 

telescope
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An Introduction
SETI (or the Search for Extra-
Terrestrial Intelligence) is 
the name given to a bunch 
of activities, conducted by 
people across the world, 
to look for aliens. These 
activities often use microwave 
signals, which can travel 
through really vast distances.

Because space is infi nite, 
SETI researchers have to fi nd 
ways to narrow down the 
search. One way is to assume 
that an alien civilisation, 
which is technologically 
advanced, will work a bit like 
ours. For instance, our Earth 
emits all kinds of radio waves 
as radiation – from our TVs, 
radios and other broadcasts. 
These waves are clearly 
artifi cial because they happen 
at very specifi c frequencies. 
In 1971, NASA studied SETI 
and proposed a thing called 
Project Cyclops. Cyclops was 
to consist of a huge system of 
radio telescopes that could 
send and receive distant radio 
signals, to search space for 
a planet emitting Earth-like 
radio signals.

Project Cyclops was too 
expensive – the report 
estimated it would cost $10 
billion – so it never actually 
got built. But what if it had 
been? .

Starting this month, Brainwave will tell you amazing visual 
stories that will enervate your soul, dislocate your jaw and thrill 
the very fi bre of your being! You have been warned! A hearty 
welcome, tasteful reader, to the very fi rst chapter of the very 
fi rst edition of B\W comics’ brand new graphic SF series! 

Dr Jayant Narlikar, the author of this amazing tale, 
is an eminent Indian astrophysicist. He lives in Pune, and 
is the Founder-Director of the Inter-University Centre for 
Astronomy and Astrophysics (IUCAA) there. Among other 
things, he headed a project that found bacteria of extra-
terrestrial origin high up in the Earth’s atmosphere. 

His favourite science fi ction writers are Arthur C Clarke, 
Isaac Asimov, Ray Bradbury, Jules Verne and HG Wells.

Our fi rst featured graphic story, 
The Message from Aristarchus, 
takes place in a world in which Project 
Cyclops was built and scientists could 
actually use its telescopes to search 
space for intelligent life forms.
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THE MESSAGE FROM

EPISODE 1: JOHN PRINGLE
ARISTARCHUS
SCRIPT BY SHALINI SRINIVASAN \ ARTWORK BY RAJIV EIPE
BASED ON A NOVEL OF THE SAME NAME BY DR. JAYANT NARLIKAR

B\W COMICS PRESENTS
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Have you ever stared at the 
sky on a new moon night in 
a place far away from the 
city lights? If you are lucky, 
you might be able to see the 
Milky Way – our galaxy of 
200 billion stars – stretching 
across the sky. The sight is 

bound to 

overwhelm you and make 
you feel like a teeny-tiny 
dot in the vastness of the 
universe.

Looking into the night sky, 
the universe appears not only 
unimaginably enormous, but 
also unchanging. The true 
picture, however, is quite 
the opposite. In 1929, the 
American astronomer Edwin 

Hubble made an amazing 
discovery. 

Hubble found that distant 
galaxies were speeding 
away from us – the farther 
away the galaxy, the faster 
it seemed to be receding or 
moving away. This led to 
the gobsmacking conclusion 
that the entire universe was 
continuously expanding.

But are distant galaxies 
hurtling away only from our 
Milky Way? Not true! If we 
were to transport ourselves 
to any other galaxy, the rest 
of the galaxies would move 
away from us in exactly the 
same way. So the expansion 
has no preferred centre.

How did it all 

begin?
To fi gure out 
how the 
universe 

by Dr. Sukanya Sinha / Curiouscity
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started expanding in the fi rst 
place, scientists had to go 
back to its very beginning. 
At the start, all matter in the 
universe was scrunched up 
in an extremely hot, dense 
point. Then it exploded, 
causing the universe to grow 
bigger and bigger. This 
event, called the ‘Big Bang’, 
happened 14 billion years 
ago, and the universe has 
been expanding ever since!

Big Crunch versus 

Big Chill
Now that 
we know 
that 

the 
universe 

is 
expanding, 

the next 
question to ask 

is whether the 
expansion 

is slowing down or 
speeding up?

Until recently, cosmologists 
(scientists who study the 
universe) thought that it 
was slowing down due to 
gravitational attraction.
 

If the expansion is indeed 
slowing down, there could 
be two possibilities. The 
expansion could stop in the 
future and reverse into a 
contraction – until all matter 
in the universe is crushed 
into a ‘Big Crunch’. This 
is similar to what happens 
when a stone thrown into 
the air, eventually stops, 
turns back, and falls back on 
the Earth. 

The other possibility is 
that the expansion will 
continue to slow down, but 
the universe will expand 
forever. Just as a spaceship 
escaping the Earth’s gravity 
continues to feel its pull, 
but never returns. Scientists 
often call this scenario 
the ‘Big Chill’, since the 
universe will become less 
dense, colder and darker. 
Spooky, isn’t it?

Dark energy cauldron
But new astronomical 
observations have revealed 
that the expansion is not 
slowing down, but speeding 
up instead! If this aggressive 
expansion continues, 
galaxies will recede from 
each other, faster and faster, 
and eventually be torn apart. 
Cosmologists have named 
this possible fi nal state the 
‘Big Rip’.

It is impossible to 
explain the speeding 
up of the expansion 
if we think of 
gravity as the only 
force operating in 
the universe, as 
this force can only 

pull and not push. So the 
acceleration of the universe 
is being caused by a pushing, 
repulsive, ‘anti-gravity’ force. 
Scientists refer to this force 
as arising from an unknown 
form of energy called ‘dark 
energy’. Sounds like a Harry 
Potter book, doesn’t it?

How will it end?
So what is the ultimate 
fate of the universe then? 
Observations seem to have 
ruled out the Big Crunch. 
Are we then going to be 
torn apart by the Big Rip, or 
will we experience the Big 
Chill? We don’t know yet, but 
scientists are working hard to 
fi nd out. It depends on what 
is brewing in the dark energy 
cauldron..  

THE UNIVERSE IN 
A BALLOON
Want to understand the 
phenomenon of the expanding 
universe better? 

Take a balloon and blow it up a 
bit. Draw a few dots on it with a 
sketch pen. Blow up the balloon 
some more and observe the dots 
as you blow it. The dots move 
away from each other exactly 
as the galaxies do! What’s more, 
if you put your fi nger on any 
one dot, you will see the others 
receding from you uniformly.
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An unexpected side-effect of the fl ooding in parts of Pakistan has been that millions 
of spiders climbed up into the trees to escape the rising waters. Because of the scale of 
the fl ooding and the fact that the water has taken so long to recede, many trees have 
become cocooned in spiders webs. People in this part of Sindh have never seen 
this phenomenon before — but they also report that there are now less mosquitoes than 
expected, given the amount of stagnant water around. It is thought that the mosquitoes 
are getting caught in the spider webs, and this has in turn reduced the risk of malaria. 
This is a blessing for the people of Sindh who are facing many hardships after the fl oods.

Photo courtesy: Russell Watkins/Department for International Development
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Solution to Cross Section, Issue 5: “Looking Back”

In the contest in Issue 4 of BRAINWAVE, we asked you to send us 
your wacky gadget ideas and/or your scientifi c explanations for why 
the Battery of Life never dies. We got many interesting entries, but 
Siddesh Kumar’s idea — in which the battery draws energy from the 
air — was the clear winner. You can read the winning entry at 
www.brainwavemagazine.com. Congratulations, Siddesh!

38

Send us 
your most 
maddening 
science 
questions for 
next month’s 
ASK US WHY, 
and we will 
quench them 
with our own 
special brand 
of Scientifi c 
Sanity Soda! 
Write to 
brainwave@
ack-media.com.

Recommended reading (if you want to know more 
about India’s space programme but don’t know where to look):

Destination Moon by Pallava Bagla and Subhadra Menon: An engaging, behind-the-
scenes story of Chandrayaan-1, India’s mission to the Moon.

Touching Lives by SK Das: This book is a collection of simple and inspiring anecdotes 
about the Indian space programme.

Vikram Sarabhai, by Amrita Shah: A novel that chronicles the eventful life of 
Dr.Vikram Sarabhai, one of India’s most important space scientists.
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p07 Hypotenuse: the longest side of a 
right-angled triangle

p09  Astrophysics: the branch of science 
that deals with the physical properties of 
celestial bodies and the interaction between 
matter and radiation

p13  Payload: the crew, equipment, cargo 
- the parts of a spacecraft that are not 
connected to propulsion or guidance of the 
vehicle
Telemetry: the science and associated 
technology of the automatic transmission 
of data from a remote source to a receiving 
station for analysis

p15  Unmanned lunar probe: a small 
spacecraft, not operated by a person, that is 
used to acquire information about the moon

p16 Orbiter: a spacecraft that orbits a 
planet without landing on it

Rover: a vehicle for exploring extra-
terrestrial terrain

Reusable launch vehicle: a launch 
system that can launch a launch vehicle 
more than once

Turnaround: the time required to carry 
out a task

p17 Trigonometry: a branch of 
mathematics that deals with the 
relationships between the sides and angles 
of triangles and the calculation that 
involve them. It is applied in various fi elds 
including navigation, engineering, physics 
and astronomy.

GLOSSARY 
OF TERMS

NOTES
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CREATE YOUR OWN
CONSTELLATION

Email us at 
brainwave@ack-
media.com. The 3 
most creative entries 
will each WIN 
an amaaaaazing 
ASTROSCOPE!

3 
ntries 

g 
E!

Copyright © 2011, Brainwave Magazine. All rights reserved.

Get yourself a 
silver pen (most 
fancy stores and 
stationers stock 
them) and use 
the empty space 
above to chart out 
your own crazy 
constellation!
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Dear Reader,
This year has been declared the International Year of 
Forests by the United Nations. In celebration of this 
important event, we, in turn, have dedicated this issue of 
Brainwave to the conservation of India’s fast-depleting 
rainforests. Our rainforests are some of the most 
beautiful parts of this country. They have rich, thriving 
ecosystems that are home to a remarkable number of 
plants and animals. As you read this, the monsoon would 
have just set into the rainforests of the Western Ghats, 
and all its tropical fauna will have started emerging from 
their summer sleep into state of frenzied activity. 

Among this fauna will be hundreds of newly hatched 
snakes, just out of their shells and already raring to 
explore their surroundings and fi nd many awesome new 
things to eat. Little do they know, in all their energy and 
excitement at having emerged into this fantastic new life, 
that they are among the most misunderstood creatures 
in the human world. With this issue, Brainwave tries 
to set the record straight by getting to know some of 
these snakes. This meeting wouldn’t have been possible 
if introductions hadn’t been made by our good friends at 
the Agumbe Rainforest Research Station. We thank them 
for collaborating with us on this special issue.

Snakes apart, we have much else going on in these 
pages, chief among which are the second episode of 
The Message from Aristarchus and a fi rst photo of the 
Andaman Nightjar. Prepare to be amazed!

Scientifi cally,

Vinayak Varma, Editor
vinayak.varma@ack-media.com

Making Hisssssstory

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover artwork by 

Bombay Duck Designs

Printed at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 

Scientifi cally,

Vinayay k Varma, Edid
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The Dancing 
Northern Lights
Nature’s very own light show plays out near 
the poles of the Earth. Every now and then, 
the night sky near the Arctic and the Antarctic 
regions erupts in a dazzling display of dancing 
lights in colours ranging from golden, green 
and blue to purple and red. Appearing 
splendid and eerie all at once, the scientifi c 
term for this natural light display is ‘aurora’ 
– a name put forth by a 17th century French 
scientist named Pierre Gassendi. These 
lights are known as the Northern Lights 
or the Aurora Borealis around the North 
Pole, and can be seen across Greenland, 
Norway, Canada and Alaska. In the Southern 
Hemisphere, these lights are called the 
Aurora Australis or the Southern Lights and 
are visible in Antarctica, Australasia and 
South America. 

Auroras form near the poles due to the 
concentration of the magnetic fi eld in these 
parts. They can be seen during the night 

and up until dawn. Common around the 
equinoxes, i.e. on March 22 and September 
23, auroras occur when solar particles and 
atmospheric particles run into each other. 

Aurora Myths
Auroras appear like abstract light paintings 
in the sky and people have interpreted 
them in many ways:

Natives of Scotland used auroras to predict 
weather. If the lights moved quickly, 
unsettling weather was expected. But if 
the lights moved slowly and gracefully, 
favourable weather was predicted.

For the Fox Indian tribes, the lights are 
a bad omen, but in parts of Canada and 
Siberia, the aurora is a good sign.The science of auroras

Solar fl ares taking place on the surface of the 
Sun result in the forceful emission of solar 
particles. These particles travel towards the 
Earth at a speed of millions of kilometres 
per hour. When they collide with particles 
in the Earth’s atmosphere, light is produced. 
The magnetic and electric forces interact in 
shifting combinations, giving the impression 
of dancing lights, while the colour of the lights 
depends on the altitude at which the collision 
takes place. High sunspot activity is likely to 
create favourable conditions for auroras in 
the year 2011-12. Auroras are not exclusive 
to the Earth alone and can be seen on other 
planets as well.. 
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You will need: 
A matchbox.Three thin candles.A slightly deep plate.A tall glass tumbler.Coloured 
water (this can be made by adding ink or paint to regular water)

Candle Tricks

1. Fix one of the candles in 
the centre of the plate and 
light it.

How does it work?
The air around the candle 
expands when it heats up, 
thereby making it less dense 
or more scattered. When 
the tumbler blocks out the 
oxygen supply, the candle 
goes out. The air then begins 
to cool and becomes denser. 
This creates an upward pres-
sure on the water in the plate, 
as a result of which, it gets 
drawn up!.

What happens when you place two or three candles?
A greater number of candles supply a larger amount of heat. The air inside the tumbler 
becomes even sparser, and the pressure increases. This results in an increase in the volume or 
amount of water drawn up into the tumbler.

2. Fill the plate with coloured 
water.

3. Invert the glass tumbler 
over the candle.

4. After a while, the candle 
gets extinguished and draws 
up a little water into the glass.

5. Fix another candle near 
the fi rst one, and repeat the 
process. Next, try it with all 
three candles.

by Arvind Gupta (visit www.arvindguptatoys.com for more experiments!)
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IN A BOTTLE
THE ECOSYSTEM You will need:

INSTRUCTIONS

CARE

Bottle: Start with the biggest one you can find. 
A widemouthed Bournvita/Horlicks bottle is 
great for beginners. 

Small plants: They shouldn’t outgrow the bottle!

For the plants to grow you will need: Soil,
moss, small pebbles (small enough to fit in your 
bottle’s neck) and some charcoal.

Tools: A coat hanger or thick wire cut into short 
strips, so you can reach inside the bottle.

A closed ecosystem like this is very 
sensitive to water and light, so you need to 
study it closely for the first few days. Too 
much sunlight can kill your plants, so 
keep it indoors near a window or in a 
balcony. Pay attention to the moisture 
inside. It should form a nice layer on top 
of the bottle. This will slowly trickle down  
on the plants. If it is too wet inside, leave 
the top open for a day. Once the moisture 
is right, you won't need to water it for 
months!

Before you start, have a look at the diagram on the right. 
The soil and other substrate materials need to take up at 
least 1/3rd of the bottle. So the amount of soil and other 
materials you will use depends on the size of your bottle. 
Also you can fill the bottle standing or lying on a side (it’s 
up to you!) 
Now let’s start!

Layer 1: Pebbles- these help in water drainage and 
filtration.
Layer 2:  Charcoal- this will help to filter the closed 
environment and keep it clean. Charcoal has the ability to 
absorb toxins and anything else that might make your 
plants sick.
Layer 3: Moss- this will separate the soil from the water 
accumulating in the pebbles. It prevents root rot.
Layer 4: Soil- slowly add this until your botlle looks 
1/3rd full.

Add your your plants, and finally add a little moss for a 
natural “grassy” look.

pebbles
charcoal

moss

soil

Google the term “bottled terrarium” and 
have a look at what others have done.06

by Chaitanya Krishnan

by
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You will need:

Step 1

A long strip of paper: 
The finished snake will be around half 
the original length of the paper you use, 
so get a long one.

Fold the strip in half.
Step 2
Fold the top corners 
diagonally.

Open it out and 
see the fold lines.

You will need:

SNAKE
THE ORIGAMI

Fold the st ip in half.

Step 3 Step 4

Carefully pleat 
the paper, so it 
looks like this.

And you’re done!

Step 5

Step 3S

see the fold li

Carefully pleat
the paper, so it 
looks like this.

And you’re done!

Step 5

e!

ur 

rt 

07

by Chaitanya Krishnan

June 2011
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Snakes Alive!
Snakes Alive!

In which we learn to control our fear of snakes 

by confronting the deadly king cobra!
story by Vinayak Varma

All
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I’ve been frightened of snakes all my 
life. Until I began work on this article, 
the very mention of snakes would have 

me scanning my surroundings in nervous, 
grossed-out terror. It’s an irrational, 
unreasoning sort of fear. I’ve never been able 
to explain it.

It turns out that I’m not the only scaredy 
cat in town. If you google for adjectives that 
describe snakes, these are the sort of results 
you’ll typically come across: ‘scaly’, ‘slithery’, 
‘slimy’, ‘slippery’, ‘deadly’, ‘sneaky’, ‘creepy’ 
and so on. It’s not for nothing: we humans 
have always reacted uncomfortably to snakes.

The Western world’s pop culture and 
literature are full of evil serpents, from 
serpentine Satan who brought trouble to 
Biblical Paradise, to Lord Voldemort’s horrible 
Slytherin minions in today’s Harry Potter 
books. Indian culture, conversely, deals with 
its fear of snakes by worshipping them, albeit 
from a safe distance. Our country is riddled 
with shrines and anthills dedicated to Nagaraj, 
the king of snakes. The logic of this is sound: 
if snakes are deifi ed and fed and prayed to, 
they’ll hopefully stay far, far away from us.

As always, science has a ready explanation 
for these fears. According to research carried 
out by a group of Swedish psychologists 
in 2001, the human brain may have been 
programmed by evolution to fear snakes. 
There was a time when our ancestors lived 
and foraged for food in a wilderness full of 
poisonous reptiles, and some of their fears 
may have carried over into our genes. Is this 
automatic genetic response to be fully trusted, 
though? Are snakes really as repugnant as 
we’re wired to believe?

The only thing that makes me more nervous 
than snakes is the feeling that I’m not fully in 
control of my own mind. The way of science 
is to fully understand something before 
cultivating a response to it, and not to blindly 

follow the voices in your head. And so, in a 
practical experiment to try and reprogram 
my ophidiophobic brain, I accompanied 
my friends Narayan and KT on a trip into 
Agumbe, home of the world’s largest 
venomous snake: the king cobra.

Agumbe is a little hamlet in Karnataka’s 
Western Ghats, and it’s famous for two 

reasons. It receives some of the highest 
rainfall in India (second only to Cherrapunji 
in Meghalaya), and it contains one of the 
rare fi eld research stations in the country to 
encourage long-term monitoring of wildlife. 
Because of its weather and forests, Agumbe 
is home to a rich biodiversity (including 
a variety of snakes), which makes it an 
ideal place in which to observe wildlife. 
It was here, back in 1971, that the famed 
herpetologist and conservationist Romulus 
Whitaker saw his fi rst king cobra in the 
wild. In 2005, Whitaker acquired four acres 
of rainforest-enveloped land in Agumbe, 
and used it to set up the Agumbe Rainforest 
Research Station (or ARRS). (See box)

The ARRS may well be the best 
research station of its kind in India. 
It was partially modelled on the 
Smithsonian Tropical Research 
Institute (STRI), located in Barro 
Colorado Island in the Panama 
Canal Zone, which is considered 
to be the ideal research station by 
many biologists around the world. 
Like the STRI, the ARRS provides 
visiting researchers all the facilities 
they need for the long-term study 
of wildlife and biodiversity in 
a tropical rainforest. This kind 
of study is very important for 
conservation, because observing 
animals for long periods of time 
helps scientists understand their 
behaviour to the minutest degree. 

e!e!
kes 

a!
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When Narayan, KT and I arrived at the 
ARRS, after a half day’s drive down from 
Bangalore, the sky was clear and the air was 
dry. It was a hot, humid February, and the 
heavy rains were still some months away. 
Our chances of seeing wildlife would be 
much higher if it were raining, so this muggy 
weather was disappointing. 

We were met at the station’s wooden gates 
by Siddharth Rao, a conservation biologist 
and the Director of the station. “Welcome to 
ARRS!” he said. “You guys’ll be staying at the 
Leopard Cottage.”

“What a cool name. Why’s it called that?” I 
asked.

“Because someone saw a leopard there. 
Hahaha.” 

I gulped.
“You guys can relax today. Walk around, 

hit the nature trail if you like, and generally 
get to know the place. Tomorrow you can go 
meet M4.”

“What’s M4?” asked KT.
“M4 is one of the king cobras 

we’re tracking right now. 
The code ‘M4’ stands 
for ‘male number 
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four’. He’s been at the same burrow for a 
couple of days now, so this is a good time to 
visit him.” (See M4’s home range on page 16)

“Is it safe for us to go near the snake? Isn’t 
the king cobra one of the most venomous 
snakes in the world?” asked Narayan.

“Yes, is it safe?” I echoed, nervously.
“He won’t bother you if you don’t bother 

him,” said Siddharth. “That’s how it is with 
most animals, you know. Don’t worry. My 
colleague Dhiraj, who’s been tracking M4, 
will accompany you. He’ll call you tomorrow 
morning when the snake comes out to bask.”

Day 1

The next morning, just as we were 
winding up breakfast, Dhiraj called 

from a nearby village named Balehalli: M4’s 
present location. The king cobra had found 

a burrow in a fi eld next to an acacia and 
eucalyptus plantation. (See box) 

Agumbe has an added advantage for researchers studying 
king cobras, because it contains forests as well as fi elds 
and plantations. The general matrix of a king cobra’s 
movement is heterogeneous. This means that it moves 
through forest patches, human habitations, plantations 
and paddy fi elds, that is wherever they can fi nd food. 
Rodents that thrive around farms and fi elds are a favourite 
food of rat snakes, and king cobras in turn tend to eat rat 
snakes — so it’s normal to fi nd the cobras in farmed land. 
(To fi nd out what else king cobras eat, turn to page 15)

Watch a short video about the Agumbe Rainforest Research Station at 
http://youtu.be/G0h0BKOe20c
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The three of us and Siddharth headed out to 
the location in the station’s jeep. Dhiraj had 
been waiting outside M4’s burrow since 9am. 
When he called us at 10.15am, the snake had 
just exited the burrow to bask in the Sun. 

From the main road where we parked our 
jeep, we had to cross three fi elds, jump two 
electrifi ed fences and a barbed wire fence, 
to get to where the cobra and its tracker 
patiently awaited us. 

“King cobras don’t travel around obstacles 
the way you and I do,” explained Siddharth, 
as we gingerly climbed over a fence, taking 
great care not to graze our skins against 
its electrifi ed wire. “They move across and 
through all kinds of terrain. That’s what 
makes following them so diffi cult.”

“So how do you keep track of them?” asked 
Narayan.

“We use a technology called radio telemetry. 
We’re the fi rst to use telemetry to track king 
cobras. You’ll soon see it in action.” 

(To know more about how telemetry has 
helped the researchers at ARRS understand 
king cobras better, turn to page 15.)

When we arrived at the plantation, 
Dhiraj was ready with his telemetry gear. 
It consisted of a radio receiver, along with 
an antenna to catch the radio signal. The 
signal this equipment received came from 
under M4’s skin, where the ARRS researchers 

had implanted a small battery-run radio 
transmitter. 

“How did you manage to implant the 
transmitter inside the snake?” I asked.

“With some diffi culty!” laughed Siddharth. 
“We had to fi rst catch the cobra and sedate 
him. Then we performed a minor surgery on 
the animal in order to insert the transmitter 
under his skin. After we stitched him up and 
the snake had recovered from the surgery, we 
released him back into the wild.” Siddharth 
had somehow managed to make it all sound 
quite matter-of-fact. If you want to appreciate 
how diffi cult this process really is though, all 
you have to do is imagine how a king cobra 
might react to being caught. (See box)
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M4, for instance, is around 12 feet long, 
as wide as Arnold Schwarzenegger’s 
forearms, incredibly strong and lightning-
fast in movement. If he’s cornered and 
thinks you’re about to attack him, he’ll 
rear up his head, growl and get ready to 
strike. The king cobra’s striking range is 
roughly 7 feet — longer than the average 
star basketball player. Often, the king 
cobra’s fi rst strike will be a head-butt 
(no biting!), to warn you to stay clear of 
him. His second strike, if he’s still not 
convinced that you present a real threat to 
him, may be a dry bite (without venom!). 
While a dry bite will scare most creatures 
away, it also helps the cobra conserve 
his venom, which takes his body a lot of 
time and resources to make. The fi nal 
strike of the king cobra will be the death 
blow: he’ll bite and inject huge, paralysing 
quantities of neurotoxins and cardiotoxins 
directly into your bloodstream. Unless 
you’re lucky enough to have some anti-
venom handy (which is highly unlikely 
given how little of it is manufactured in 
Indian labs), you’ll be stone-dead within 
15 minutes of being bitten. Now imagine 
catching a super-snake like M4 with just a 
tube, a stick and a bag, then sedating and 
performing surgery on him.

A king cobra munches on a spectacled cobra

June 2011
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“How does your telemetry equipment 
work?” KT asked Dhiraj.

Dhiraj beckoned for us to come closer and 
listen to the radio receiver in his hand. “Do 
you hear that beeping sound? That’s the signal 
from M4. It tells you what his heart rate is. If 
the beeps increase in frequency (frequency 
is the quickness of the beeps), it means the 
snake’s body temperature is rising. And the 
louder the beeps are, the closer you are to 
the snake. Right now, we’re a few metres 
away from the snake, so the beeps aren’t too 

loud. The frequency of the beeps is around 30 
beeps per minute (bpm), so he’s still basking. 
If it gets to between 31 and 35, it means 
that the snake is either moving or that he’s 
reached his optimal body temperature. Once 
that temperature is reached, he usually goes 
back into his burrow.”

“How do you know for sure if he’s moving?”
“If he’s moving, the beeping pattern 

changes to a high-beep/low-beep alternation. 
Here, listen. It’s quite steady, and just under 
31bpm. It sounds like he’s still basking.”

Snakes like M4 are ectotherms, which means that they have to lie out in 
the Sun in order to increase their body temperature. When they’ve reached 
their optimal temperature, they have to retreat to a dark place from where 
to cool off. Mammals like us, on the other hand, are endotherms, meaning 
that we are able to regulate our own body temperature, regardless 
of our surroundings. If the outside temperature is cold, our bodies 
can warm themselves by shivering. If it’s warm outside, we can 
cool down by sweating.

A king cobra rescue in progress: 
King cobras often stray into human settlements. If 
conservationists don’t get there in time to rescue 
the cobras, villagers take matters into their own 
hands and either beat the poor snakes to death or 
release them in some faraway place outside the 
snake’s familiar home range (go to page 16 to see 
how this kind of translocation affects the snakes).

Watch Romulus Whitaker’s TED Talk on reptile conservation, at: 
http://youtu.be/vW99KFD-Bk8
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“Listen to this!” said Dhiraj. “He’s reached 
32bpm! We’d better move! He’s going to go 
back into the burrow any minute now!” Dhiraj 
extended the receiver’s antenna in front of 
him, holding it parallel to the ground so that 
he could pick up the signal from M4 clearly. 
He then started jogging towards the burrow. 

We followed him, breathless. We crunched 
over dead leaves and scrambled over a barbed 
wire fence towards a clump of dry bushes that 
Dhiraj pointed to. The burrow was a hole in 
the ground by the bushes.

“He’s on the move!” whispered Dhiraj. “Try 
not to make too much noise! You don’t want to 
scare the snake!”

We slowed down and tried to tread softly, 
but by the time we got to the burrow, it was 
too late. M4 had already disappeared inside. 
We eyed each other guiltily.

“You can come back again tomorrow,” said 
Siddharth. “But only if you promise not to 
disturb the snake!”

Day 2

Things weren’t much better the next 
morning. M4 had started basking at 

9.30am, and we arrived at the plantation by 
9.45am. We were only a couple of metres 
away from the king cobra, when M4 reached 
33bpm and started moving back into the 
burrow. We hurried over the barbed wire 
fence separating M4 and us, fraying our jeans 
on the barbs, and ran to the burrow. We got 
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5 Snake Myths That Had You Fooled
1.  In the movies, if you get bitten by a 
poisonous snake, you can immediately 
cut the wound to extract the venom or 
suck the poison from the wound and 
spit it out.
In real life, cutting the wound caused by 
a snake bite is the worst thing you can do. 
It causes tissue damage and loss of blood. 
Sucking the venom out is another grave 
mistake. The venom spreads too fast for 
sucking to be of any help, and some of the 
venom ends up in your body as well.

2.  Snakes drink milk.
Snakes don’t drink milk. In fact, they 
can’t even digest it properly. In times 
of dire thirst, and with no other option 
available, they may drink it. But it could 
be harmful to them and, quite possibly, 
may even kill them.

3.  Snakes dislocate their jaws when 
swallowing animals whole.
Snakes possess several joints and their 
jaws are extremely fl exible. This enables 
them to open their mouth very wide, and 
swallow their prey whole.

4.  Snakes are aggressive and chase 
people.
Most snake species are shy creatures and 
avoid people. What is perceived as chasing 
may just be a snake hurrying to safety.

5. Some snakes are vegetarians.
Some snakes feed on rodents, others on 
larger animals and there are some that 
even feed on insects. But there is no such 
thing as a vegetarian snake.

(Compiled by Aparna Kapur)

Biologists surgically implant a radio 
transmitter under the skin of a king cobra. 
This transmitter sends out a signal that is 
used to track the snake.

June 2011
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there just in time to see the lower half of the 
snake disappearing into the hole.

Dhiraj told us that M4 would come out 
to bask again in the afternoon. We decided 
to return then, and this time, in order to 
minimize our chances of disturbing M4, to try 
out a slightly different strategy.

We returned to the plantation at 3pm. M4 
had only just gotten out to sun himself, so 
our chances of seeing him were high. Instead 
of approaching him directly over the fence 
like we’d been doing, though, we attempted 
a more circuitous route: by going around a 
couple of fi elds and arriving from a different 
direction altogether.

King cobras have an incredibly evolved 
sense of smell, which they perceive through 
their tongues. That’s why they keep fl icking 
their tongues in and out of their mouths — 
that’s the way they sense their surroundings. 
We saw the whole of M4 for the fi rst time 
when we were a couple of metres away from 
his burrow. He was coiled behind the bushes 
next to his burrow, his scales gleaming in the 
sunlight. We had only taken a few more steps 
forward when the wind changed direction and 
M4 suddenly sensed us coming. 

He immediately started moving towards the 
burrow. We picked up our pace. And then we 
were there, directly in front of the burrow. 

Just a few feet away from us, too close for 
comfort, M4 paused, reared up his head and 
looked straight at us. We froze. KT raised his 
camera, trying desperately to focus quickly 
for the money shot.

And just as suddenly, M4 was gone. He had 
decided that we weren’t worth the trouble.

“Rats!” KT whispered. “I nearly had him!”
“It’s okay, man,” I said. “Forget the photo. 

We’ve just had an incredible life experience! 
We’ve seen a king cobra in the wild!”

“I know!” said KT. “How cool is that?”
On our wonderstruck drive back to the 

station, my friend Narayan asked me if I was 
still afraid of snakes. 

I thought about it at length before replying. 
“I guess I am, a little,” I said. “But you know 
what? I understand them better now. And I 
learned today that they’re just as afraid of us 
as we are of them. That changes everything.”

“How so?”
“Snakes don’t seem evil any more, for one 

thing. M4 was so peaceful and reticent! He 
just wanted to be left alone so he could relax 
and do his thing.”

“True,” said KT. “If I were an endangered 
animal, being researched by some sneaky 
humans, I’d probably be just as shy. It’s 
amazing that we got to see him!”.
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Dhiraj waits in the rain, 
tracking M4 through the 
forests of Agumbe with his 
radio telemetry equipment. 
He holds the receiver on 
his lap to listen to the king 
cobra’s bpm reading. The 
receiver’s antenna is kept 
perfectly parallel to the 
ground in order to receive 
the clearest-possible signal.
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1. They like daytime: King cobras are 
mostly diurnal in habit (meaning, they roam 
around mostly in the daytime). They fi nd their 
prey chiefl y by olfactory and visual cues.

2. They move through human 
settlements: King cobra habitats might not 
be restricted to forests. They also periodically 
use farmland. However, their secretive nature 
results in very few interactions with people. 

3. They climb trees: King cobras have 
often been observed climbing trees and 
foraging in them. They have also been seen 
predating on arboreal (tree-inhabiting) 
snake species like the Malabar Pit Viper 
(Trimeresurus malabaricus).

4. They like diving underwater: 
Although other terrestrial snakes are 
known to dive under water to take refuge, 
underwater foraging was a new behaviour in 
a wild king cobra that was observed for the 
fi rst time by the telemetry project. 

5. They have a strong homing 
instinct: Following the same snakes for 
almost a year each, revealed that they have a 
strong homing instinct. King cobras use the 
same burrows time and again for resting and 
shedding. Some burrows have been revisited 
by the same snakes even after six months.

6. They’re scavengers: Although they 
are known to be active predators, the study 
has recorded, for the fi rst time, a king cobra 
scavenging on the carcass of a three-foot long 
cat snake. The cat snake had been killed two 
days ago by villagers. 

The ARRS’ king cobra telemetry project has changed a lot of what we know 
about these snakes. Assisted by radio signals, the ARRS trackers have been 
studying the behaviour of king cobras for several years now, and this long-
term monitoring has revealed several new facts.

nine things you didn’t know about king cobras 
(that were discovered using radio telemetry)

7. They forage at night: Most times, the 
king cobra retires to a refuge by sunset. But it 
has also been observed that when the snake 
has not been successful in capturing prey for 
a long duration, or is following a very strong 
scent trail, it continues to forage in darkness. 

8. Mating season makes them travel: 
Male king cobras move considerable distances 
in search of mates. They often leave their 
home ranges to travel in search of females.

9. They don’t take very kindly to 
being moved out of their home 
ranges: Snake translocation is common 
practice in India. The ill-effects of long-
distance translocation were demonstrated 
by the differences in behaviour between 
the translocated and non-translocated king 
cobras. (See box and following page).

15

Forests are constantly being cut down 
to make space for the world’s growing 
human population. One of the big 
problems with this is that wild animals 
often stray into villages and towns, 
because these inhabited areas once used 
to be part of the animal’s home range. 
When stray king cobras are found in 
human settlements, they’re caught and 
relocated somewhere far off, where they 
won’t cause people any trouble. But this 
is usually worse, because the snake gets 
confused and starts looking for its old 
burrows and familiar places. In doing so, it 
ends up roaming over much larger areas 
than it used to. This only increases its 
chances of encountering humans again.

June 2011
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The map below shows the home ranges of three king cobras that were tracked by ARRS 
using radio telemetry. One of these snakes was translocated away from its home range 
(turn to page 15 to know more about translocation). The black line represents M1’s home 
range, the yellow line is M2’s home range, and the red line is M4’s. Can you identify the 
snake that was translocated? Write to us with your reasons at brainwave@ack-media.com.
Two correct answers will each win a free six-month subscription to BRAINWAVE!
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Send us your completed crosswords, and give us 
your feedback! Write to brainwave@ack-media.com. 
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TREE-SPIRITED

ACROSS 

2. Not sparse (5) 
5. A cloud forest in this desert country thrives on 
moisture from low lying clouds (4)
6. ____vore: organisms that eat both plants and 
animals (4)
7. The world’s largest fl ower; grows in the 
rainforests of Indonesia (9) 
10. Genus to which most cobras (except king 
cobras) belong (4)
12. ____phyte: A plant that grows in extremely dry 
areas (4)
14. One is usually advised not to miss these for the 
trees (5)

DOWN
1. ___system, or biome (3)
2. Forests at high altitude having stunted 
vegetation are called _____ forests (5)
3. Tree found in deciduous forests (3)
4. Coniferous trees largely make up this biome (5)
6. Number of seed-leaves in a monocot (3)
7. Dendrochronology involves counting a tree’s 
annual ____ (5)
8. ___’s viper: A rare snake in the cloud mountains 
of the Himalayas (3)
9. Fruit-eating animals help in dispersing a tree’s 
_____ (5)
11. A cobra’s fl exible ____ makes it possible for it 
to swallow food larger than its head (3)
13. Acorns grow on this tree (3)
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Besides being scary, snake venom is an 
incredibly fascinating and medically 
important mix of proteins. Venom is to 
snakes what saliva is to humans – an aid to 
feeding processes and digestion. There are 
a few major differences of course, including 
the fact that snakes can inject venom into 
their prey. And more importantly, our saliva 
probably couldn’t kill anything!

Fatal Fangs
Venom, which has evolved over two hundred 
million years, is a hugely complex mixture 
of proteins and enzymes! Venoms can be 
classifi ed into two groups based on their 
effects: neurotoxic and cytotoxic. Viper 
venom is typically cytotoxic i.e. it affects 
cells, while the venoms of cobras and kraits 
are mainly neurotoxic as they affect nerves 
and nerve impulses.

The ingredients of snake venoms work 
together in a variety of ways to make 
them effective and deadly. For example, 
snake venom contains an enzyme called 
hyaluronidase, which makes the tissue of the 
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bitten animal more permeable – basically, 
this means that the tissue allows venom to 
be absorbed faster. Venoms can also hamper 
the fl ow of important enzymes such as 
cholinesterase, which makes the prey lose 
muscle control. And other fatal venoms can 
affect blood pressure.

Potent Proteins
Believe it or not, the same proteins that cause 
these lethal effects can also help save lives.
Several proteins in snake venom are already 
being used as painkillers and to treat blood 
coagulation (which leads to clots). Many 
more are currently being tested for human 
use. For instance, a particular protein in king 
cobra venom could soon become one of the 
most effective painkillers on the drug market.    

Venom versus Antivenom
It is equally important to come up with 
effective antivenom serum in the dire 
event of snakebites. Antivenom serum, the 
only sure way to treat a serious bite from 
a venomous snake, was fi rst made against 
cobra venom in 1904. The techniques used 
to produce it haven’t changed a whole lot 
since. Most of the world’s antivenom is made 
by injecting horses or sheep with very tiny 

Of snaky exploits 
and lethal proteins
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quantities of snake venom. The horse then 
produces antibodies against the venom, 
which cause the venom molecules to be 
destroyed. These can be purifi ed and used to 
save human lives. Luckily for us, antibodies 
produced by other species work well when 
injected into humans.

But wait – there is a twist in this snaky 
story. The science of snake venom is further 
complicated by an interesting fact – the 
venom of the same species (for example, 
the Indian cobra or Naja naja) can be very 
different from one part of India to another. 
Exactly how different? Studies have shown 
that antivenom serum made from the venom 
of the Naja naja in one part of India did not 
neutralise Naja naja venom from other parts 
of the country. Basically, if you have been 
bitten by a cobra in Bhopal, antivenom made 
using the venom of a cobra from Kerala may 
not save you. Scary!

This geographic variation in Indian snake 
venom is the focus of a new research project 
being conducted by scientists from the 
Madras Crocodile Bank, the Indian Institute 
of Science and the University of Mysore. The 
project hopes to provide information that will 
help antivenom manufacturers make their 
products more effective. The ultimate cure for 
snakebites in India will be antivenom serum 
made with snake venoms from different 
parts of the country, one that will be equally 
effective in all parts of India..
Samir Whitaker is the Assistant Director of 
Madras Crocodile Bank, one of the largest 
reptile zoos in the world.    
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to attack only if they are provoked or 
when they feel threatened. Their shyness, 
combined with their largely nocturnal habits, 
make them very easy to miss.

If you live near fields, plantations or places 
with lots of tree-cover, it is important 
to be alert and on the look-out for these 
snakes, especially after dark. All the experts 
recommend that you make sure to carry a 
torch at all times.

The ‘Big Four’ are the most dangerous 
species of venomous snakes in India.

Since they feed mainly on common rodents, 
these snakes are drawn to human-populated 
areas. Between them, they cause a majority 
of the snake-related deaths in this country.

Deadly as they are, though, the ‘Big Four’ 
are also extremely shy. They are known 
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These are some of 
the other creatures 
that have been 
spotted at Agumbe 
(clockwise from 
left):  A bicoloured 
frog; a Malabar 
pit viper waits in 
readiness to strike; 
a rowdy gang of 
human researchers 
hanging out at a 
meadow next to the 
Agumbe Rainforest 
Research Station; 
the beta-carboline 
in a scorpion’s shell 
makes it glow when 
ultraviolet light 
is shone on it; a 
tarantula prepares 
to enter its nest; and 
a draco lizard chills 
out on a branch.
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Photo of Malabar pit viper by 
Narayan Gopalan; photo of ARRS 
team by Chetana Purushotham; all 
remaining photos by Siddharth Rao
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BIRDS IN TREES

You will need: 
Binoculars (minimum 7 
x 40).A bird book (we 
recommend The Book 
of Indian Birds by Salim 
Ali, Oxford University 
Press).A fi eld notebook 
and a pen.Access to a 
computer

What to do: .First, fi nd a fruiting tree in your neighbourhood: e.g., a mango tree or a guava tree. .Download the initial data sheet for this study (beginbirding.pdf) from 
www.brainwavemagazine.com/birdstudy.php, print it out and carry it with you..Once a week, spend one hour (either early in the morning between 7am and 8am, or in 
the late evening between 4pm and 5pm) observing the activity on your chosen tree. Note 
down the number and types of birds that visit the tree, during this one hour period. .Data should be recorded at 10 minute intervals. For example, at 07:00, you note the 
number and type of birds and their activity. You must do this again at 07:10, 07:20, 07:30 
and so on (for six times in one hour). If you run out of data sheets, print extra copies..Do this for four months: for two months when the tree has ripe fruit, and for another 
two months when the tree doesn’t have fruits in it. .At the end of four months, go back to www.brainwavemagazine.com/birdstudy.php 
and download the fi nal data sheet (endbirding.xls). Find and collect everything that you 
jotted into your initial data sheets over four months. Type your fi ndings into the fi nal data 
sheet, and mail it to brainwave@ack-media.com. Our crack team of biologists will then 
show you how to analyse your data, and help you fi gure out what it all means.

Devised by Siddharth Rao
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Your secret 
mission, Young 
Wildlifer, if you 
choose to accept 
it, is to fi nd out 
how important 
fruiting trees are 
in maintaining 
bird diversity in 
cities and towns.
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Snake attacks in villages are signifi cantly 
higher when compared to those in cities. A 
major cause for this is inadequate lighting 
in rural areas. The lack of well-lit streets 
in villages also restricts movement. Come 
nightfall and villagers hesitate to step out 
of their homes for fear of an unexpected 
encounter with a snake. 

The solution to this tricky problem is simple 
— well-lit villages. If villages could manage 
to fi nd ways to generate suffi cient light, the 
threat of prowling nocturnal creatures would 
reduce drastically. One bright idea is to 
use solar-powered LEDs or ‘Light Emitting 
Diodes’. These eco-friendly lighting products, 
including bulbs, lamps and lanterns, harness 
the Sun’s energy to give out light that is both 
affordable and energy-effi cient. 

A few visionary organisations have made 
it their business to take this innovative 
technology to these homes and light up the 

Photos courtesy: Greenlight Planet

lives of people, quite literally. “Typically, 
people in villages use kerosene lamps, which 
are not only expensive and ineffi cient, but 
also harmful to health,” says Anish Thakkar, 
co-founder and Global Marketing Manager of 
Greenlight Planet. This United States-based 
company has recently launched a solar home 
light, ‘Sun King’, which emits up to 16 hours 
of light after charging in the Sun for a day. 

There are several other companies like 
InnovLite, D.light and Selco that are also 
addressing lighting needs using solar-
powered LEDs. Mandeep Singh, Chief 
Operating Offi cer (India) of D.light, says, 
“What makes our products special is that 
they are extremely easy to use. And they 
provide white, bright light as opposed to the 
yellow dingy light from kerosene lamps. It is 
a much better option.”.
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Ecologists go in hot pursuit of one 
of the rarest and most endangered 
animals in the Western Ghats
by Siddharth Rao

As I turned on the spotlight to check the trail 
in front of me, a pair of large orange eyes 
shone from the tree ahead. I forgot about 
the leeches that were clinging to my leg, and 
focused the light on the tree from which the 
‘eyeshine’ appeared – a brown palm civet sat 
there watching me. A nocturnal carnivore, 
this civet inhabits the forests of the Western 
Ghats, and is one of four species of civets 
found in peninsular India. The other ones 
found here are the common palm civet, the 
small Indian civet and the Malabar civet. 

This encounter happened when I was 
walking a transect deep in the rainforests 
of Kerala as part of my research to establish 
the presence of the Malabar civet in the wild. 
One of India’s rarest mammals, the Malabar 
civet was thought to be extinct, until a fresh 
skin was recovered from a hunter in Kerala 
in 1991. The Malabar civet is currently listed 
as ‘Critically Endangered’, and its population 
trend is offi cially unknown. Few biologists 

have studied this animal and little is known 
about its ecology and distribution. 

The fi rst long-term study on the Malabar 
civet was initiated in 2006 by the Wildlife 
Trust of India, a conservation organisation 
I was working at at the time. My colleagues 
from the Wildlife Trust of India and I, 
surveyed thousands of kilometres of forests 
along the Western Ghats of Karnataka and 
Kerala in search of this elusive mammal. We 
walked transects and conducted interviews 
with local forest-dwelling communities. We 

Morphology: The Malabar civet (Viverra 
civettina) is approximately four feet long 
from nose to tail and is estimated to weigh 
up to 8kg. The tail has fi ve to six black and 
white bands and the fur on its coat has 
patches of white and black hair. The neck 
has two distinctive large black stripes, 
while there is a prominent crest of dark 
hair along its back.

Ecology: The Malabar civet is thought to 
eat a variety of small prey and is probably 
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nocturnal like most other civets. A major 
reason for its decline is loss of habitat as 
forests in the region have been turned 
into rubber plantations.

Conservation: Some researchers believe 
that the Malabar civet is an introduced 
species that was brought to south India 
for the purpose of musk trade (used in 
traditional medicine) and a few animals 
escaped into the wild.

set up camera traps to record possible civet 
movement in remote forests. After two years 
of searching, we still did not fi nd concrete 
evidence of the Malabar civet. However, 
we got pretty close many times, with local 
hunters reporting captures. To prove the 
continued existence of the species, though, 
we would still need a skin sample, a live 
animal or a photograph. 

The last live Malabar civet was recorded 
in the early 1930s, after which only hunted 
specimens have shown up sporadically as 

evidence of the existence of the species. 
Although there is no photographic proof of 
the Malabar civet, scientists use information 
obtained from museum specimens as 
reference. But the lack of evidence from 
the fi eld has not stopped the investigation 
into the ecology of the Malabar civet. 
Luckily, researchers are able to use 
technology to fi nd out more about such 
rare animals. A study on the phylogenetics 
(evolutionary relatedness) of this civet is 
currently underway, where small-carnivore 
researchers are examining DNA of the 
Malabar civet in order to trace its ancestry. 

In the meantime, fi eld-based surveys 
continue in the hope of fi nding a Malabar 
civet in the wild. Long-term fi eld surveys 
combined with lab-based investigations are 
essential when looking for rare species. 
And who knows, someday there might be a 
breakthrough. The next time you are in the 
forests of the Western Ghats, keep your eyes 
open and cameras ready. Remember that if 
you take a photo of the Malabar civet, you 
will be the fi rst to do so. Happy clicking!.
Siddharth Rao is a conservation biologist, 
wildlife photographer and Director of ARRS.

e Musky Mammal

June 2011

Artwork: Somesh Kumar
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                                       This month Earthwave has an exciting contest for 
you! Read the question below and email us the correct answer by June 20th. 
The winner will be selected through a lucky draw!  This lucky person will get 
a free “height chart” wallpaper (from the ones seen below and at 
www.earthwave.in) that is printed with non-toxic inks on eco-friendly paper.

Email the correct answer to thumbi@earthwave.in  

Email us at 
thumbi@earthwave.in
to know more about 
height charts, and how 
to get one for yourself.

Hey kids! 

A height chart is an easy way to measure 
your height, as well as your brother’s or 
sister’s. It is printed with non-toxic inks on 
high quality eco-friendly paper, and it is 
easy to stick on a wall. The best thing about 
it is that the glue does not damage your 
wall, and you can remove the height chart 
whenever you like without leaving a mark! 

Earthwave Height Charts

Question:

Which one of these 
snakes is poisonous?

The answer we need is 
either A or B, and why?

A B

 This month Earthwave has an exciting contest
uestion below and email us the correct answer by June
be selected through a lucky draw!  This lucky person w
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Solution to Cross Section, Issue 6: “Spaced Out”

In the contest in Issue 5 of BRAINWAVE, we asked you what you 
thought the ‘Perforated Harappan Jars’ were used for. The most 
creative theory was sent by 11-year-old Tanvin Anand from New 
Delhi. Read the entry at www.brainwavemagazine.com. Congrats, 
Tanvin! You’re the lucky winner of an awesome Astroscope!

38

Send us your 
most thirst-
inducing 
questions for 
next month’s 
ASK US WHY, 
and we will 
drown them 
in our special 
fountain 
of cool, 
refreshing 
funda juice! 
Write to 
brainwave@
ack-media.com.

Recommended reading (if you want to know more 
about snakes and conservation but don’t know where to look):
Snakes of India, The Field Guide by Romulus Whitaker & Ashok Captain
ISBN: 9788190187329  |  Price: Rs. 975  |  Publisher: Draco Books 
This book contains descriptions of over 150 species of snakes in and around India, 
peppered with interesting details of their history and distribution. Accompanied by 
beautiful photographs, it is an ideal companion for any snake enthusiast.
Last Chance to See by Douglas Adams & Mark Carwardine
ISBN: 9780099536796  |  Price: Rs. 614  |  Publisher: Random House Group 
This travelogue wittily chronicles the authors’ encounters with a series of endangered 
animals, while delivering a strong message of conservation.
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p04  Equinox: the time of the year when 
the Sun crosses the celestial equator, and 
day and night are of equal length

Solar particles: high-energy particles 
coming from the Sun 

Solar fl ares: an explosion in the Sun’s 
atmosphere

Sunspot: a region on the Sun’s surface 
with intense magnetic activity and a lower 
temperature than its surroundings

p09  Forage: to search for and gather 
food

Ophidiophobic: afraid of snakes 

Herpetologist: a reptile specialist

Conservation: the protection of plants, 
animals and their habitats

p11   Sedate: to induce sleep with the help 
of a drug

Cardiotoxin: material that causes 
chemical damage to heart tissue

p15  Olfactory: concerning the sense  
of smell 

Scavenge: to feed on dead fl esh or 
carcasses

p18  Enzyme: a protein that speeds up a 
biological chemical reaction

Painkillers: a drug that numbs pain in  
the body

p19  Antibody: a protein produced by the 
body to counteract a foreign substance in 
the blood

Neutralise: to make ineffective

p30  Endemic: native to a particular 
area or culture

p32  Eyeshine: A layer of tissue called 
the ‘tapetum lucidum’ allows many 
nocturnal animals to see better in the 
dark. This layer of tissue also refl ects light, 
causing the animal’s eyes to glow orange 
when a torch is shone onto them. This 
refl ection is called ‘eyeshine’ and helps 
detect nocturnal mammals

Nocturnal: primarily active during the 
night

Transect: any path along which a 
researcher walks in order to collect 
observational data about an object of study

Morphology: the study of the form and 
structure of animals and plants

Crest: a tuft or natural growth on the head 
of a plant or animal

Ecology: relationships of organisms with 
their environment and with each other

p33  Sporadically: occasionally or 
irregularly

GLOSSARY 
OF TERMS
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Siddharth Rao, the Director of the Agumbe Rainforest Research 
Station (ARRS), tells us what fi rst got him interested in conservation 
biology, and why he made it his life’s work:

Write to us, in under 300 words, 
at brainwave@ack-media.com. One 
very lucky reader (along with a 
guardian) will win a trip to Agumbe, 
where they will get to explore and 
understand the rainforest ecosystem! 
Two runners-up will win exciting 
Dynam Mini Microscopes! 
Pssst! Last date for entries is 25 June 2011!

Can you tell us why 
you want to be a 
conservationist? How 
have you tried to learn 
about animals and 
their habitats?

Copyright © 2011, Brainwave Magazine. All rights reserved.
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Ever since I can remember, I’ve had a curiosity for the natural world. When I 
was in school I used to spend a lot of time outdoors: climbing trees, watching 
birds, insects or any animals I came across. This curiosity for plants and 
animals led me to spend more time with people with similar interests, and I 
travelled to forests and wild places as much as I could. The more time I spent 
around forests and animals, the more I wanted to learn about them. As a 
conservation biologist I have the ideal platform to ask questions, spend time 
outdoors and help understand and conserve the wild places that I love to be in.
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Dear Reader,

By today’s standards, the 1980s were a communications 
stone age. Computer screens were still in pixellated 

black and white, so most of us preferred to play our 
games outdoors. None of us had heard of the Internet. 
Phones were still attached to walls, and text messages 
were sent on paper via the good old postal department. 
If you were a kid back then, as I was, the coolest and 
strangest tech came from the TV. My friends and I would 
wait all week for the Thursday night Doordarshan 
telecast of ‘Johnny Soko and his Giant Robot’, a cheesy 
Japanese sci-fi  show from the 1960s. Soko’s fl ying robot 
moved with all the grace of a sentient pile of plumbing, 
but we loved watching his adventures, because the Giant 
Robot was the gleaming future, and we wanted in on it.

A few years later, cable TV and Cartoon Network hit 
our shores, giving young Indians more sophisticated 
Japanese fl ying robots to marvel at. There was ‘Danguard 
Ace Force Five’, ‘Grandizer’, ‘Battle Robot’, ‘Mobile Suit 
Gundam’, ‘The Transformers’ and lots more. The future 
never looked more awesome.

For you, young reader, all this must feel like an awful 
history lesson. In your super-connected, all-interactive 
decade, my old joystick-controlled TV robots are 
painfully outdated. Robotics now run all our advanced 
industries, from factories to battlefi elds. Flying, fi ghting 
robots are no longer the stuff of kiddie cartoons. 

For this issue of Brainwave, our researchers peeked at 
the insides of today’s robots. Did they fi nd out what makes 
these smart machines tick? Read on to fi nd out!

Scientifi cally,
Vinayak
vinayak.varma@ack-media.com

Electric Sheep

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013
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You will need: 
A new toothbrush.Clippers.A pager motor*.A watch battery. Double-sided foam tape

Bristlebot

1. Use clippers to cut off the handle of the 
toothbrush, leaving only the toothbrush head 
with the bristles.

2. Bend the bristles to make sure they are all 
angled to one side.

8. 
an

3. Add two bits of wire to the pager motor. 4. When you place these wires on the 
terminals of the battery, the motor will 
vibrate.

Source: www.evilmadscientist.com

Idea submitted by Rishi Balasaria
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8. Put the Bristlebot down, 
and watch it go!

*Pager motors can be bought 
at electronics shops.
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But what makes the pager motor vibrate?
A pager motor is almost like a regular rotating motor. The only difference is that a pager 
motor has an added weight that unbalances the core rotating part of the motor. As a result, the 
motor vibrates. The same technology is also used to make cellphones vibrate.

We’re sure you can guess 
how the Bristlebot moves. 
The vibrations from the pager 
motor push the toothbrush 
head away from the direction 
in which the bristles are bent. 

In fact, if you push the 
toothbrush head down a 
couple of times, you will 
notice a tiny shift in position. 
The vibrations have the 
same effect, but at a much 
faster rate..

5. Add a bit of tape to the top 
of the toothbrush head.

6. Mount the motor on the 
tape. Make sure it rotates 
freely.

7. Fix the battery on the 
tape between the wires of 
the motor s0 that one wire 
is below the battery and the 
other one clamps down on 
top of it.

July 2011
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Case of the 
Ripening Mango
Anoushka Kulkarni from Sangli, 
Maharashtra, asks: “Why does 
the taste of a mango change 
when it ripens?”

by Srinath Perur

The taste of a mango changes when it ripens 
so that we feel like eating it. This sounds 
silly, but it’s true! Trees cannot move, but 
they want to spread far and wide like all 
other living things. So they make their fruits 
delicious to animals, which then eat the 
fruits and drop the seeds in distant places. 
In the case of the mango tree, humans, 
monkeys and even some large fruit-eating 
bats, help spread its seeds.

Mystery of biochemistry
But then, you probably wanted to know what 
happens inside a mango when it ripens. How 
does a hard, sour, green mango turn into a 
fragrant, colourful and tasty fruit?
Well, the answer lies in biochemistry.  
A raw mango — or any fruit for that matter 
— begins to ripen when it receives a signal 
in the form of ethylene gas produced 
inside the fruit. This starts the production 
of enzymes, which then cause all sorts of 
chemical reactions.

The sourness of a raw mango is mainly due 
to the presence of acids, especially citric acid. 
These acids are neutralised during ripening. 
The starch in a raw mango gets converted 
into sugars that taste sweet to us. Chlorophyll 
– which is responsible for the green colour of 
the raw mango – is broken down as the fruit 

ripens. Other pigments form simultaneously, 
giving the mango its red, yellow and golden 
colours. Also, hard material called pectin 
dissolves, making its texture juicy and soft. 
Of course, none of these reasons explains 
the lovely smell of a ripe mango. This comes 
from the breaking down of large organic 
molecules into smaller ones that spread 
through the air easily. There are many 
such aromatic compounds and it is their 
combination that gives a specifi c variety of 
mango – like an Alphonso or a Malgoa – its 
distinct smell and fl avour.

Mango Trick: 
Here’s a practical application for this 
information – if you have raw mangoes that 
you can’t wait to eat, keep them in a paper 
cover with one or two ripe bananas. The 
bananas produce ethylene, which will cause 
the mangoes to ripen more quickly!

A
rt

w
or

k
: S

om
es

h
 K

u
m

a
r

brainwave8.indd   8brainwave8.indd   8 21-09-2012   14:45:1421-09-2012   14:45:14



07

y, 
n 

s 

t 

se 

A
rt

w
or

k
: S

om
es

h
 K

u
m

a
r

July 2011

brainwave8.indd   9brainwave8.indd   9 21-09-2012   14:45:1421-09-2012   14:45:14



08

lotsa
bots
lotsa
bots

A
rt

w
or

k
: S

om
es

h
 K

u
m

a
r

by

Yo
a r
yo
tha

A p
Mi
po
ma
an
se
co
mi
US

08

Step into a world ruled by 
brainy machines, freaky bots 
and artificial intelligence!
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by Aparna Kapur

You don’t have to be an engineer to design 
a robot. All you brainy inventors can create 
your own mechanical friend right away, 
thanks to LEGO Mindstorms NXT.

A programmable robotics kit, LEGO 
Mindstorms NXT presents countless 
possibilities, letting you build humanoids, 
machines, vehicles and even robotic 
animals. It contains a microprocessor, four 
sensors, three motors and a whole lot of 
colourful LEGO bricks. You can connect the 
microprocessor to your computer using a 
USB cable or via Bluetooth.

Once you’ve created your 
robot, add some functions 
and behaviours — use your 
imagination and give it a 
personality. The Mindstorms 
kit includes a graphic 
software, which offers the 
simplest interface to program 
your robot with a drag-and-
drop platform. Log onto   
www.mindstorms.lego.com 
for more information.

PS: Did you know that 
organisations like NASA and 
Google use LEGO Mindstorms 
kits as a cost-effective 
and effi cient way to make 
prototypes of their projects? 
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The robot alerted the police in time, even 
though the café’s fi xed security system 
was disabled by the assailants with an 
electromagnetic charge. Several cameras 
were damaged, leaving no video footage of 
the crime. However, the footage recovered 
from the robot’s camera has proved 
extremely useful to the investigators. In 
accordance with new laws passed last spring, 
the footage captured and the log recorded by 
this robotic security system are permissible 
as evidence in a legal trial. Here is the log 
recovered from the robot by the police.

Kostbar Investigation Preliminary Report:

Masked bandits entered Kostbar café and 
fi red shots at several customers. They 
almost killed the manager. Police are still 
investigating this crime. Luckily, the café 
had the Deltoid Robotic Security System. 
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story by Shanker Keshavdas
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Log: Café Kostbar Robotic 
Security System

Date: January 15, 2019

Deltoid Emergency Robotic 
Platform 90210 activated

Mode: Emergency Response 
Mode

11:12 am: 
Action: Scan surroundings 
with home security camera. 
No immediate threat located 
in vicinity of docking station. 
Proceed to café main area. 
Scan surroundings.

11:13 am: 
1 human being found in 
café main area with a 
92% probability of being a 
customer. In lying position 
with 85% probability of being 
badly injured.

11:14 am: 
Locate all other customers 
in room.

11:13 am: 
Action: Emergency 
sequence started. Contact 
security personnel with an 
emergency code of level 4. 
Message received: Security 
and health personnel alerted. 
ETA: 9 minutes.

11:16 am: 
Append emergency message: 
“Armed threats possibly 
present on premises.” 
Send updated map with 
victim positions to security 
personnel.

11:18 am: 
Action: Reassure conscious 
victim and inform of the 
arrival of police in 7 minutes. 
Dispense painkillers and 
water pouch.

11:19 am: 
Action: Compare map of 
explored premises with 
complete map of the 
restaurant.

11:15 am: 
8 human beings found. 6 
diners, 2 staff  members 
found lying down. One 
victim found conscious. 
Security camera destroyed, 
possibly by a fi rearm with a 
probability of 92%.

11:19 am: 
Areas unexplored: Kitchen, 
Offi  ce rooms. Search kitchen.

11:19 am: 
Action: Contact kitchen 
camera. 
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11:23 am: 
Action: Search for cover.

11:23 am: 
Emergency power disabled.

11:23 am: 
Shots fi red at camera. 
Camera disabled. Central 
security damaged.

11:23 am: 
Action: Switch to emergency 
power.

11:19 am: 
Kitchen camera 
unresponsive. Possibly 
damaged.

11:21 am: 
Action: Determine best 
possible course of action. 
Parameters: Assailant armed 
and dangerous. Manager 
at immediate risk. Security 
personnel arriving in 1 minute. 
Decision: Course of action 
210: Disable assailant.

11:19 am: 
Approach kitchen carefully in 
accordance with emergency 
procedure 912 <Armed 
threats, multiple homicides>

11:20 am: 
Assailant spotted, pointing 
gun at manager.

11:22 am: 
Assailant stunned and 
disabled. Danger: Detected 
second assailant. Shots fi red 
at robot.

11:22 am: 
Action: Use electric stun 
pellets on assailant.

This incident demonstrates 
how artifi cial intelligence 
works using feedback loops. 
To fi nd out more about A.I. and 
feedback loops, go to p14.
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2. Alarm and Immobiliser

The engine starts only when 
it receives signals from a 
remote control, enabling a 
keyless and secure entry.

3. Airbag Control Unit

This triggers the opening of 
airbags in the event of a crash.

Robotics has spread the cool factor to the auto industry as 
well. Take a look at the amazing automated things a car 
can do now and will be able to do in the future!

4. Automatic Collision 
Notifi cation

The car calls emergency 
services in the event of an 
accident, and sends them its 
GPS coordinates and other 
vital crash-related data.

5. Engine Control Unit

The unit ensures the lowest 
emission and best mileage by 
varying vital engine controls.

      Drive-by-wire System

Traditional mechanical 
steering will be completely 
replaced by electronic 
controls and interfaces.

      Driverless Car

Humans drive erratically, 
braking and accelerating 
without precision. This 
results in long-term damage 
to a car, making it use up 
lots of fuel. In the future, 
cars run by computers will 

1. Parking Aid

A camera and sensor work 
together to send a warning 
signal when the car gets too 
close to an object behind it.

by Aparna Kapur

be more energy-effi cient. 
Their autopilot systems will 
make exact decisions, using 
advanced software that is 
linked to a number of sensors.

      Skateboard System

The vehicle’s engine 
and drive system will be 
condensed into a single fl at 
skateboard-shaped unit 
that fi ts neatly under the 
passenger area..
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The Old Machines

What makes the human 
brain different from 

a machine? Many great 
philosophers and thinkers 
have said that our brains 
are set apart by their ability 
to act of their own free will. 
Our brains aren’t tied up 
in cold, programmed logic. 
They have the ability to run 
in any direction they want, 
whenever they want. And 
these philosophers were 
rather smug about their 
superior human brains 
for years and years. Until, 
inevitably, a precocious young 
mathematician named Alan 
Turing came along and ruined 
it for them. His idea was 
simple: that the tiniest human 
thought-process could be 
mapped and recreated for a 
machine to act out, giving it a 
kind of artifi cial intelligence.

Turing's Machines

Not only was Turing a 
ginormous science geek, 
he was also an athlete who 
loved running marathons. 
Many of his best brainwaves 
came to him while he ran. 
On one such geekish run, 
while devising mathematical 
thought experiments in 
his head, Turing had a 
tremendous Eureka moment. 

ALAN TURING
by Vinayak Varma

AND THE STORY OF

He stumbled on the idea that 
a simple machine, running 
on simple stored rules, could 
solve any mathematical 
problem if it were given an 
unlimited amount of time to 
work with. This imaginary 
machine would later be called 
the Turing Machine: an early 

programmable computer. 
This eventually found form 
in Turing’s design for the 
Automatic Computing Engine 
(ACE). This was the fi rst such 
blueprint for a stored-program 
computer.

A.I.
p
T
i
A
(
b
c

A.I. is what you get 
when you bestow human 
intelligence (and beyond) 
on machines. During its 
beginnings in the 1950s, 
A.I. was thought to consist 

primarily of ‘feedback 
loops’. A simple example 
of a feedback loop is the 
thermostat (the device 
that controls everything 
from ACs and refrigerators 

to kettles and irons). It 
senses the temperature 
of the house, checks the 
temperature the user 
wishes to experience and 
varies the temperature 
accordingly. Similarly, a 
robot senses changes in its 

environment and also acts 

in the same environment. 
When it has performed 
an action, it checks the 
environment for the effects 

of its actions, and then 
performs another action if 

necessary. 
(Defi nition by Shanker Keshavdas)
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ACE). This was the fi rst such 

blueprint for a stored-programa  
computer.
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Turing?
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The Turing Test

In 1950, Alan Turing published 
a paper in the British journal 
Mind, titled ‘Computing 
Machinery and Intelligence’. 
In this paper, Turing 
redefi ned the idea of machine 
intelligence by changing the 
question “Can a machine 
think like a human?” to “Can 
a machine fool a human into 
believing that it can think?”. 
If a machine can do so, then 
it is artifi cially intelligent. He 
explained this idea with a 
simple game:

A computer, a human test 
subject and a human judge 
sit in separate booths. The 
human judge can see neither 
the human subject nor the 
computer. All three are 
connected by terminals that 
allow them to talk to each 
other via text (not speech). 
The conversation is conducted 
in natural language – the 
complex, unpredictable way 
in which humans talk. If, over 
the course of this texting, 
the judge can’t reliably tell 
the computer apart from 
the human – that is, if the 
computer has successfully 
fooled the judge into thinking 
that it is human – then the 
computer has won the game. 
Such a computer has artifi cial 
intelligence, or A.I.

A.I. Now!

Over the past few decades, 
A.I. has become the backbone 
of modern computing. That’s 
right – it exists, for real! Even 
as it makes life easier for 
humans by powering our 
various industries, A.I. has 

also become a formidable 
opponent in our most human 
contests of intelligence. The 
fi rst real challenge from A.I. 
came in 1997 with ‘Deep Blue’, 
an IBM-designed computer 
that played chess so well that 
it beat the world champion 
chess grandmaster Gary 
Kasparov. Kasparov was so 
outraged by the loss that he 
accused IBM of cheating.

In February this year, IBM 
returned with the next step in 
A.I. evolution: a super-smart 
machine named ‘Watson’. 
Watson was entered as a 
participant in the popular 
American quiz show 
‘Jeopardy’. It played against 
Jeopardy’s two biggest past 
winners (humans!). This 
challenge was much bigger 
because of the upside-down 
format of the quiz – where 
a contestant has to provide 
the correct question for a 
given answer. This needs a 
command of natural language 
that only humans have had 
thus far. But Watson, with its 
2500 parallel processor cores, 
running 33 billion operations 
per second, thought just like 
a human over the course of 
three nail-biting games. And 
it – or is it “he”? – won. 

What this means for 
humanity remains to be seen. 
Just don’t be surprised if 
you’re one day operated on by 
a team of robot and human 
surgeons, and you can’t even 
tell the difference!.
Watch Watson playing 
Jeopardy’s ‘IBM Challenge’: 
http://www.jeopardy.com/
minisites/watson/ 
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Did you know? During 
World War II, Turing was 
one of the Allied powers’ 
most talented code-
breakers. The powerful 
German submarines, the 
U-boats, constantly attacked 
and sank British ships 
as they made their way 
towards America. No one 
could predict where and 
when the U-boats would 
turn up, because all the 
Nazi radio communications 
were being disguised by 
a secret code created by a 
machine called ‘Enigma’. 
Britain’s best cryptologists 
were foxed for many crucial 
months by the Enigma 
code. The tide only turned 
for the Allies when Turing 
helped design the ‘Bombe’, 
an electronic machine 
that fi nally deciphered the 
devilish Enigma.
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This one’s elementary for you, 

my dear Watson. For the Daily 

Double: this geeky war hero is 

considered the father of A.I.
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Golems 
Before people thought 
up robots, Jewish people 
had a myth about golems, 
mud fi gures that could be 
animated – often with words, 
or a piece of paper in their 
mouths – but never become 
entirely human. One story 
involves a golem created by 

A brief introduction 
to some fi ctional, 
man-made killers
by Shalini Srinivasan

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA  bbbbbbbbbbbbbbbbbbbbbbbb
ttttttttttttttttttttttttttttoooooooooooooooooooooooo    
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmaaaaaaaaaaaaaaaaa
bbybybybybybybybybybybybybbyybybybbb  SSSSSSSS

a 16th century rabbi named 
Judah Loew ben Bezalel, 
in Prague. This golem then 
proceeds to go a killing spree. 

Frankenstein 
The 19th century saw an 
explosion of new machines 
— trains, typewriters, sewing 
machines, electromagnets, 
revolvers, dynamite and the 
word ‘scientist’. It looked 

like science could create 
anything, even life. Mary 
Shelley wrote the story 
of Victor Frankenstein, 
who awakens a corpse. 
Frankenstein’s monster 
turns out – like the golem 
– to be uncontrollable, and 
decides it likes murdering 
people. Even better, it 
spawned an entire genre 
of mad scientists, walking 
corpses, (the weird 
assistants named Igor 
were a later addition) and 
huge bolts of electricity.
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In 1921, a Czech playwright 
named Karel Čapek wrote 
a play called Rossum’s 
Universal Robots, which 
introduced science fi ction 
writers to the word ‘robot’. 
It made a nice change from 
‘daemon’, ‘mechanical 
monster’, ‘it’, ‘Aaaaaargh! 
Help!’ and all the other terms 

they’d had till then. But the 
new shiny robots weren’t 
terribly different from the 
golems and Frankenstein’s 
monster. Proving once and for 
all that science works more 
effi ciently than magic, they 
do a far more thorough job of 
decimating the human race 
than their predecessors.

Rossum’s Universal Robots

Isaac Asimov’s robots follow 
three laws, designed to 
prevent them from going 
around killing humans:

1. A robot may not injure a 
human being or, through 
inaction, allow a human being 
to come to harm.

2. A robot must obey any 
orders given to it by human 
beings, except where such 
orders would confl ict with the 
First Law.

3. A robot must protect its 
own existence as long as such 
protection does not confl ict 
with the First or Second Law.

Andrew, a robot in The 
Bicentennial Man, decides 
to become human, since it’s 
clearly more fun.

But Asimov’s people overdo 
it, when they come up with 
the Zeroth Law which 
supersedes the rest: A robot 
may not harm humanity or, 
by inaction, allow humanity to 
come to harm.

The machines decide 
that the only way to stop 
humanity from hurting itself, 
is to control it – and kill off 
random individual humans, 
who are seen as harming 
humanity in the long run. 

Asimov’s Robots
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Marvin is the only peaceful 
being on our robot list, and 
this is because Marvin is 
deeply depressed and doesn’t 
have the energy to do violent 
things. He has ‘a brain the 
size of a planet’ and nothing 
to use it for. “I didn’t ask to 
be made: no one consulted 
me or considered my feelings 
in the matter. I don’t think it 
even occurred to them that I 
might have feelings,” Marvin 
explains, before spending 
the entire series moping 
and morose. Marvin’s series, 
The Hitchhiker’s Guide to the 
Galaxy, is full of technology 

HAL 9000

HAL is a computer in Arthur 
C Clarke’s Space Odyssey 
series, and appears on all 
the ‘Best Villain Ever’-type 
Internet lists. HAL stands for 
Heuristically programmed 
ALgorithmic computer, but 
its evil is far greater than the 
weirdness of its acronym. 

HAL runs a spaceship named 
Discovery One. He is driven 
to murder because people 
are stupid – his various 
instructions and programs 
come into confl ict, making 
him run amok.

that doesn’t quite work – but 
in not killing anyone, Marvin 
himself works miles better 
than most of his fi ctional 
counterparts. It’s true, he 
depresses a spaceship and 
a giant bridge into killing 
themselves (and the people 
on them). But this, as we 
have seen, is barely a blip on 
our Robot Murder Scale..

Marvin the Paranoid 

Android
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s ss ss sssss bebebebbebebebebbebebebebebebebebbbbbbb tttttttttttttttttttttttttttttt erererererererrrererrrerrrere  
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uuuuuuuuuuuuuue,e,e,e,e,e,e,e,eee,e,e,ee,e,e,,,,,,, hhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeee
hihhihihhihihihihiihiihihiihhhihihhhihhihip p p pp p ppppppp ananananananananaanananaaaaaananaannaaaanaaaanaa d d d dddddddd ddddddddddddd
kiikikikikikikikikikikikiikkki lllllllllllllllllllllllinininininininiininininiiniiinning g g g ggg g ggggggggggg
e e e ee eee pepepepepepepepeppepepeppepepeppepeeeopopopopopopopopopoopoopopoopoooopopopopoplelelelelelelelelelelelelellllllllllelle 
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aaaaaaaaaaaa bbbbbbbbbbbbbbbbbblililililililililililliliiilillillllll p pp pp p p p  p pppppp pp ppp ppp ononononononononononnonnonnn 

cacacacacacacaacacacaaaaaaaacalelelelelelelelelelelelelelllllllllll ........

“I didn’t ask to be made: no one 
consulted me or considered my 
feelings in the matter. I don’t 
think it even occurred to them 
that I might have feelings”
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Make Your Own

Building a real robot is not always a simple 
task. You'll find yourself restricted by the 
skills, components and hardware you have.
While that may be true in the real world, it’s 
another matter in the virtual world. At 
Sodaplay.com, you can build your own robot 
in minutes! All by clicking and dragging! 
The website then adds the necessary 
physical properties that you specify.

www.sodaplay.com 

So here’s a simple tutorial to get 
you started:

www.sodaplaww.sod pla

y

STEP 1

STEP 2

Get yourself to 

Try out a few of the existing robots to get an 
idea of what is possible. If you get a 
message saying that you need a Java plugin, 
then follow the instructions provided.

Go to the “Create” 
section of the site and 

a 1.6kb app that lets 
you build robots that 
can walk, climb, 
wriggle, jiggle and 
more!

STEP 3

STEP 4
Create a username so that you can save your 
creation and share it with others! Don’t 
forget to email us a link.

Just click away to create simple or complex 
robots. Fiddle with the “Physics” and 
“Muscles” tabs to give them special 
behaviours. Play with the physical properties 
of the simulation like gravity and friction. Hit 
“Run” to see what happens! 

(Apart from Constructor, you can also try the other public 
applications like Amoeba, Moovl etc. to get different kinds 
of results)

P STESTEPSTE 3

ust click away to create simple or compleJust click away t create simple o mplex
robots. Fiddle with the “Physics” androbots. Fiddle wit the “Physi and
“Muscles” tabs to give them special “Muscles” tabs to give th al

This one was created 
by hkv447 with Moovl.
Th
byb

This model was created 
by us with creator in just a 
few minutes.

This one was created by 
ed with Moovl.

Run the app and you’ll see a screen like this:

1919

d 
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by Chaitanya Krishnan
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around. This information is then passed 
onto the ‘intelligent’ component of the 
machine where the next step is planned. The 
‘actuators’ (or motors) of the robot then carry 
out this plan.

To understand how the Sense->Plan->Act 
process works, let’s compare a simple line-
following robot with the complex Mars rover.

LINE-FOLLOWING ROBOT

1.

2.

Both the sensors identify the surface 
below as white

The left sensor detects the surface below 
as black

The robot knows it is on the 
correct line

The robot decides to change its courseIt continues along the same path

The line-following robot has sensors on either side. 
These sensors respond to the light they receive, 
helping them distinguish between black and white 
surfaces. A white surface refl ects plenty of light back 
to the sensor, while a black surface refl ects little or 
none. Depending on the surface the sensors detect, the 
robot is programmed to act in the following way:

The left wheel stops rotating, while the 
right continues. This makes the robot 
turn left

All robots are the same, even if their 
functions and levels of complexity vary. They 
have the same basic parts and they follow 
the same processes to complete a task.

Like human beings sense their environment 
and respond accordingly, a robot follows 
a three-step working process — Sense-
>Plan->Act. It has ‘sensors’ to help it 
gather information about the environment 

by Aparna Kapur
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MARS ROVER
1.
A sensor in the camera that gathers 
information about the environment

2.
The computer judges the terrain and 
decides when and where to proceed

The six wheels work together in 
a ‘rocker-bogie mechanism’ to 
navigate across the rocky terrain

A computer in the rover decides when 
the area has been scanned

A motor rotates the camera in order to 
scan more areas

3.
The computer decides to take a 
sample of the soil

A motor moves the arm towards 
the soil so that the sensor is 
close enough

The geographical mineral 
sensor at the end of the arm 
analyses mineral content in 
the soil

The Mars rover, ‘Spirit’, was designed for 
a three-month mission, but extended its 
exploration there to six years! It sent its last 
message home on March 22, 2010.

P
h

ot
os

: n
a

sa
.g

o
v

brainwave8.indd   23brainwave8.indd   23 21-09-2012   14:45:4621-09-2012   14:45:46



22

ROBOT HOUSE!
Tech wiz Ramaprasanna Chellamuthu has designed a 
robotic home run by intelligent devices that interact with 
him, watch over him and make his life as easy as pie

by Rajita Gadagkar

Dancing Hexapod 

This six-legged fun robot 
kicks up its multiple legs 
rhythmically and dances 
to the beat of AR Rahman’s 
‘Humma Humma’. 
Incidentally, Ramaprasanna 
plans to further the use of 
the hexapod to detonate land 
mines in war fi elds. 

Security Bot
Ramaprasanna has designed a 
mobile security gadget which 
is hooked on to the Cloud*. 
This roving, battery-operated 
machine is more intelligent 
than a regular security 
camera and can recognise 
human faces. It stores images 
of visitors to the house on the 
Cloud, real-time.  

Meet Ramaprasanna C, a 27-year-old 
developer evangelist at Microsoft India 
by day and a robotics buff for the rest of 
his waking hours. His mission – to make 
sci-fi  fantasies real. And so the Bangalore-
based tech-hobbyist has invented a bunch 
of really cool gadgets to make life easier 
and more fun – like a fl eet of robots that 
cook and clean and keep a watch over 
his home as he sleeps. Connected to an 
integrated technology called buddyHome 
(which consists of an array of interconnected 

robotic modules and networked devices), 
Ramaprasanna’s apartment in Bangalore 
is hooked on to the Internet, 24/7. The 
buddyHome system manages and supervises 
his crew of homebots, relieving him of the 
boring task of doing housework. “Anything 
mundane, humans shouldn’t have to do it!” 
he declares. So let’s meet Ramaprasanna’s 
band of nifty robots. 

(which consists of an array of
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Ramaprasanna’s   
Roomba 

This cleaning robot has been 
created with iRobot Create, a 
programmable mobile robot 
platform. Ramaprasanna has 
improvised the robot with 
Windows CE and a webcam 
which enables it to see as 
well as recognise objects, 
keeping it from running 
into things as it vacuums. 
It uses image recognition 
technology to fi gure out 
when Ramaprasanna is not at 
home, and then goes about its 
cleaning.

Robotic Arm: 

A robotic arm doubles up 
as an alarm and a stirring 
device.

Robotic Alarm
Ramaprasanna has designed 
a wake-me-up robotic device 
to make sure he gets up on 
time. Using eye-recognition 
to fi gure out if he is awake 
or asleep, a stationary 
robotic arm pours a glass of 
cold water on his face if he 
continues to stay in bed ten 
minutes after the alarm has 
rung. Brrr!

Cooking Device
In Ramaprasanna’s kitchen, 
a six-degree freedom arm 
next to the stove does all the 
menial stirring work. For 
example, it stirs his Maggi 
unsupervised, once he puts 
it on the stove. This cooking 
module works for a pre-set 
time and sounds an alarm 
when it is done..

es 
i Arm:

*Cloud computing is Web-based 
processing, whereby shared 

resources, software and information 
are provided to computers and other 

devices (such as smartphones) on 
demand over the Internet. 

(Source: Wikipedia)

ng is Web-based 
h b h d

Ramaprasanna poses with a robotic arm that 
can be controlled from a computer or LEGO 
microprocessor.
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Okay, so we all have 
something made 
of bamboo in our 

homes – an easy chair in the 
verandah or a little decorative 
item in the showcase. But 
have you ever wondered how 
the creamy glazed texture is 
created when natural bamboo 
comes with a thick green coat? 
The removal of the coat is 
a laborious mechanical and 
chemical process. Moreover, 
this processing has negative 
effects on the environment 
and health, which is what 
prompted Imli Toshi Namo, a 
28-year-old serial innovator 
from Nagaland, to invent a 
bamboo processing machine 
called the ‘Arulepsa’.

Over half of the bamboo 
plantations and three 
quarters of the bamboo 
products made in India come 
from Nagaland. However, 
bamboo-based products, 
like furniture, are still made 
using inadequate hand tools 
in the north eastern state. 

Effi cient bamboo processing 
machines are expensive, and 
thus not available to small 
producers. Imli pondered 
this problem and went on 
to solve it by developing the 
Arulepsa with fi nancial help 
from the National Innovation 
Foundation (NIF) and the 
National Mission on Bamboo 
Application.

This miracle machine is 
capable of processing bamboo, 
removing the outer knots and 
smoothening the surface, 
while enabling wood-carving 
and fi nal surface-fi nishing. 
Seeing the need for user-
friendliness, Imli has also 
made his machine gizmo- like 
– precision control is achieved 
with a soft-touch, four-way 
joystick linked to a robust 
electromechanical control 

logic kernel. The Arulepsa is 
4 x 2 x 12 ft in size, weighs 
just 75 kg and is electrically 
operated. Earlier, bamboo 
processing meant using over 
six to seven different machines 
just to get the stick down to 
the size you want. It then 
needs a few more machines 
to process it. Imli’s ingenious 
machine replaces all of 
them with a single versatile 
wood processing system 
that allows easy removal of 
knots, polishing and carving 
of bamboo. The Arulepsa is 
now being used widely in 
Nagaland..
For details, contact Imli Toshi 
Namo at Arkong Ward, 1st fl oor, 
Opp. New Market, Mokochung 798 
601, Nagaland; Mobile: 094360-
16086 / 098564-47485

How a young  
innovator made 
processing 
bamboo smarter 
and simpler

Story by The Alternative (http://thealternative.in), an online publication that 
seeks to bring mainstream focus to social issues in India.

by Shreya Srinath The ‘Bamboo Panda’ (as Imli is also known) has a 
product portfolio that also includes an innovative 
egg boiler, a hot water fi lter, a bamboo strip making 
machine for joss sticks, an incense stick-making 
machine and a weed uprooting device for hilly regions.

Awesomeness

of Bamboo

Panda
the
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EPISODE 3: THE SPACE ACADEMY
SCRIPT BY SHALINI SRINIVASAN \ ARTWORK BY RAJIV EIPE
BASED ON A NOVEL OF THE SAME NAME BY DR. JAYANT NARLIKAR

B\W COMICS PRESENTS
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Thingumma bob 

Sighted!

When Mr. Hysterix entered 
the offi ce of the local wildlife 
authority in a big frenzy, 
claiming to have seen “the 
oddest creature ever”, the 
offi cials didn’t take him too 
seriously. They were just 
about to shoo him out, when 
the mayor’s wife strode 
in. The offi ce went into a 
fl utter – it was not often 
that the mayor’s wife made 
an appearance. “I saw the 
strangest creature near the 
pond...” she began.

Five minutes later, a team 
of specialists had managed 
to fi nd the unusual creature. 
(Mrs. Mayor named him 
‘Thingumma Bob’). He had 
webbed feet, protruding 
tusks, antlers and feathers. 
Further investigation revealed 
that Bob, this thingummish 
mash monster, had an 
anatomy that consisted of 
assorted parts from three 
animals and two birds. How 
perfectly odd!.
You can see T. Bob dismantled, 
on page 32 — but we urge you 
not to give up so easily!
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by Aparna Kapur

Mr. Hysterix clicked this photograph 
of T. Bob the mash monster. Can you 
identify the fi ve normal creatures 
that mashy Bob is made up of?
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Mr. Hysterix clicked this photograph 
of T Bob the mash monster Can you
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Walrus: body & tusks
The walrus is a mammal 
that lives near the Arctic 
circle. It uses its tusks to 
haul itself out of the water, 
which has earned it the 
scientifi c name ‘Odobenus 
rosmarus’ or ‘tooth-walking 
seahorse’.

Flamingo: legs
The fl amingo is a bird with long legs and a bent bill. It looks 
for food in the water and is often seen standing on one leg 
for hours, though the reason for this is still unclear.

African grey parrot: 
head
The African grey parrot, 
found in the rainforests of 
Africa, is one of the most 
intelligent birds. It is a great 
mimic and can even imitate 
the sounds of alarms, 
video games, doorbells and 
telephones!

Caterpillar: lower 
half of the body
The caterpillar is the larva 
of the butterfl y or moth. It 
enters the world by biting 
through its egg. Once out, 
it consumes the rest of its 
former shell.

Buck: antlers & nose
The buck, a male deer, is 
a four-legged vegetarian 
animal. All male deer, 
except for reindeer, can 
be recognised by the 
presence of antlers.
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Send us your completed crosswords, 
and give us your feedback! Write to 
brainwave@ack-media.com. 
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BOTS &
 CROSSES

ACROSS 
1. A wheel with teeth that rotates in tandem with 
others of the kind (4)
3. Binary digits (4)
7. The ____ system provides power for a robot’s 
movements (5)
8. Logical operator denoted by the symbol ‘+’ (2)
10. An end-effector, such as a gripper, fi xed to a 
robotic arm (4) 
11. A ____scope is used to measure the rate of 
rotation (4) 
13. The science of making machines “think”, 
abbr. (2) 
14. Objects or data systematically arranged in 
rows and columns (5) 
17. ____ware: the physical components of a 
machine (4) 
18. To store away (4)

DOWN
1. A simple robot that Gets Things Done, abbr. (3)
2. Science fi ction writer who fi rst used the term 
‘Robotics’ (6)
4. Microchip, abbr. (2)
5. A type of motor used in an electric drive 
system (5)
6. Sony’s AIBO was designed to be used as a 
robotic ____ (3)
9. A robot constructed using both electronic and 
biological elements (6)
10. Manually guide a robotic arm through a 
series of motions that the robot can record and 
playback (5)
12. Autonomous programmable humanoid robot 
developed by Aldebaran Robotics (3)
15. Three angles of rotation of a robotic wrist: ___, 
Pitch, Roll (3)
16. High frequency radiation used for wireless 
transmission, abbr. (2)

July 2011

fr
ee

im
a

g
es

li
ve

/p
m

a
rt

in
M

ik
e 

D
u

n
n

, N
C

 S
ta

te
 M

u
se

u
m

 o
f N

a
tu

ra
l S

ci
en

ce
s

L
.M

ig
u

el
 B

u
g

a
ll

o 
S

á
n

ch
ez

brainwave8.indd   35brainwave8.indd   35 21-09-2012   14:46:0521-09-2012   14:46:05



3434

brainwave8.indd   36brainwave8.indd   36 21-09-2012   14:46:0621-09-2012   14:46:06



35July 2011 35

brainwave8.indd   37brainwave8.indd   37 21-09-2012   14:46:0721-09-2012   14:46:07



36

Robotics 
Resources
Edubotix workshops Symposiumz robotics 

workshops

Simple Labs robotics 
workshops

Robotics competitions:ThinkLABS workshops

Robosapiens India 
workshops

roboGRID (for beginners)

basicGRID and digiGRID (entry level robotics 
workshop)

pedGRID (workshops on walking robots)

robochamp Junior (intermediate level 
robotics workshop)

http://edubotix.in/workshops.html

eTRIx (autonomous robotics workshop)

logiTRIx (line-following and precision 
robotics workshop)

SWARM (wireless communication, swarm 
robotics and microcontroller programming 
workshop)

Robocamp

http://thinklabs.in/index php?page=workshops

E-robotricks (beginners’ robotics workshop)

I-robotricks (autonomous robotics workshop)

Mobi-botricks (mobile-controlled machine 
workshop)

Solar-botricks (solar-powered robotics 
workshop)

Vision-robotricks (vision robotics workshop)

http://www.robosapiensindia.net/workshops.php

http://www.symposiumz.net/category/workshop

http://build.simplelabs.co.in/

Inter-school Robotics Challenge (IRC)

Robotix (IIT Kharagpur)

Tricks (IIT Bombay)

If you live near Bombay or Bangalore, 
you can fi nd the robotics equipment and 
spare parts on SP Road in Bangalore or 
Lamington Road in Bombay. You could 
also visit:

http://www.onlinetps.com/shop/    
http://www.triindia.co.in/shop/.

For reading resources and robotics 
forum: http://www.roboticsindia.com

TED videos:
http://www.ted.com/talks/lang/eng/david_
hanson_robots_that_relate_to_you.html

http://www.ted.com/talks/lang/eng/dennis_hong_
my_seven_species_of_robot.html

http://www.ted.com/talks/lang/eng/caleb_chung_
plays_with_pleo.html
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Solution to Cross Section, Issue 7: “Tree-Spirited”

The contest in Issue 6 invited you to create your own constellation. 
Malavika from Chennai sent in what turned out to be a brilliant 
winning entry. Visit www.brainwavemagazine.com to see her 
creation. Congratulations, Malavika! You’ve just won yourself an 
amazing Astroscope!

38

Send us your 
most gut-
wrenching 
questions for 
next month’s 
ASK US WHY, 
and we will 
soothe with 
our special 
secret formula 
of Brainwave 
antacid syrup! 
Write to 
brainwave@
ack-media.com.

Recommended reading (if you want to experience 
the fantastic world of robots and don’t know where to look):
I, Robot by Isaac Asimov
ISBN: 0586025324 | Publisher: Harper Collins Paperbacks

This timeless collection of science fi ction short stories is the ideal introduction to the 
literary world of robots and robotics.

Robot by Roger Bridgman
ISBN: 0756602548 | Publisher: DK Publishing

This fascinating book describes a number of cool robots, while giving exciting 
information about what goes into making them.
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p04 Terminals: the electrical contacts 
on a battery 

p06 Biochemistry: characteristics of a 
living organism 

Enzymes: proteins that speed up 
biochemical reactions

Neutralised: made ineffective

Pigment: colouring matter in plant and 
animal cells

Organic: relating to carbon-containing 
compounds

p09 Humanoid: having the appearance 
or characteristics of a human

Microprocessor: the entire CPU of a 
computer on a single integrated circuit

Sensor: a device that detects certain factors 
in an external environment and responds in 
a distinctive manner

Interface: the connection between a user 
and a machine

Prototype: an early sample or model built 
to test a concept or process 

p13  Airbag: protective system in 
automobiles in which when a crash 

occurs, a bag containing nitrogen quickly 
infl ates in front of the driver or passenger, 
preventing injury to the head

Mileage: the number of kilometres 
travelled by a vehicle on a certain volume of 
fuel

p15 Parallel processor: a processor 
where multiple tasks can be carried out 
simultaneously

p20 Actuator: a mechanism that activates 
a device

Resistance: the opposition to the fl ow of 
current 

p22 Integrated: linked and coordinated 
to form a single unit

Module: a self-contained component of a 
system

p23  Six-degree freedom: forward/
backward, up/down, left/right — the 
motion of an object in a three-dimensional 
environment

p32  Larva: a stage of growth for some 
insects, in which they are wingless and 
hatch from an egg

GLOSSARY 
OF TERMS

NOTES

brainwave8.indd   43brainwave8.indd   43 21-09-2012   14:46:1221-09-2012   14:46:12



CO
NT

ES
T!

A
rt

w
or

k
: S

om
es

h
 K

u
m

a
r

Send your ideas 
to brainwave@
ack-media.com. 
The best entries 
will win amazing 
Astroscopes! 
Pssst! Last date for 

entries is 5 August 2011!

Our imaginary offi ce robot 
would know how to make 
the perfect cup of masala 
chai when we most need 
one. What would your 
personal robot buddy do?

Copyright © 2011, Brainwave Magazine. All rights reserved.
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AMAZING SCIENCE

matter
matters PL
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MAG-LEV PENCILS
& BOTTLE BUGS

page 08

Copy of Brainwave 9.indd   1Copy of Brainwave 9.indd   1 21-09-2012   14:51:0421-09-2012   14:51:04



07

D

I
Ba
as
sa
by
an
m
te

W
th
If 
yo
th
if 

W
pe
str
wo
ca
br
to
(Y

ha
by
fa
No

ca
stu

T

Wr
Flo
Em

Br
Fo
Ba

Pr
Ko
By

Copy of Brainwave 9.indd   2Copy of Brainwave 9.indd   2 21-09-2012   14:51:0421-09-2012   14:51:04



0107

Vol. 1  |  Issue #09  |  August 2011

Editor & Art Director

Vinayak Varma

Consulting Editor

Rajita Gadagkar 

Designer & Illustrator

Somesh Kumar

Sub Editor

Aparna Kapur

Science Editors

Dr. Utpal Chattopadhyay

Dr. Sukanya Sinha

Dr. Shonali Chinniah

Dr. Jandeep Banga

Umesh Malhotra
Curiouscity Science Education

Advisory Board

Arvind Gupta
Scientist and Educator

Hari Parameswaran
Scientist and Educator

Dr. Chandrakant Shukre
Director, Jawaharlal Nehru 

Planetarium, Bangalore

Maya Menon
Director, The Teacher Foundation

Geeta Narayanan
Director, Srishti School of Art, Design 

& Technology and Mallya Aditi 

International School

Dr. A.S. Manekar
Director, Nehru Science Centre,

Mumbai

Dr. Balaji Sampath
Aid India Foundation

Siddharth Rao
Director, Agumbe Rainforest 

Research Station

Dear Reader,

I had a horrible time studying chemistry as a kid. I 
was really bad at memorising the names of elements. 

Balancing equations made about as much sense to me 
as an omelette wearing a moustache. Acids, bases and 
salts, as far as I was concerned, could be the alimentary 
by-product of greasy dhaba food. I couldn’t fathom what 
any of it meant. My parents were called to school many, 
many times to meet my increasingly desperate chemistry 
teacher. It was all rather embarrassing.

What I didn’t realise back then is the sheer breadth of 
the subject. Chemistry, it turns out, is in EVERYTHING. 
If you’ve ever been curious about any kind of matter, if 
you’ve wondered what stuff is made of and why it behaves 
the way it does, you’ve been thinking like a chemist (even 
if you didn’t know it while you were doing it!).

What’s more: India, I recently learned, has quite a few 
people who consider it a serious business to study the 
strange habits of matter. The sharpest of these people 
work out of a gigantic (and very pretty) facility in Pune 
called the National Chemical Laboratory. Some of these 
brainy NCL chemists have very graciously helped us put 
together this special issue on the science of materials. 
(You can read a bit more about what NCL does on page 6.)

Oh, by the way, in case you didn’t already know, 2011 
has been declared the International Year of Chemistry 
by the UN. 2011 is also the 100th anniversary of the 
famous scientist Madame Marie Curie being awarded the 
Nobel Prize in Chemistry. None of this is coincidental!

For our part, we hope this issue of Brainwave helps 
catalyse in you a beautiful new reaction towards the 
study of matter. Do write and tell me how it went!

Scientifi cally,
Vinayak
vinayak.varma@ack-media.com

The Right Formula

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover artwork by 

Bombay Duck Designs

Printed at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 
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You will need: 
An old rubber slipper.An old CD.Six ring magnets.A pencil

Floats & Takes Notes 

1. Cut out a section of the CD. Cut the corners 
of the wider end of the piece.

4. Insert the CD piece into the fi rst cut.
Place two magnets each in the second and 
third cuts. Ensure that the magnets in the 
second cut attract magnet A and the ones in 
the third cut repel magnet B. (See fi gure.)

A B

5. Adjust the positions of the magnets on the 
pencil to make it levitate. Gently rotate the 
pencil and watch it spin..

by Arvind Gupta 

(www.arvindguptatoys.com) 

3. Cut a rectangle (15cm x 7.5cm) from the 
slipper. From one end of the rectangle, make 
three cuts of 5cm each at even distances.

 

3. Cut a rectangle (15cm x 7.5cm) from the 
slipper. From one end of the rectangle, make 

f

2. Fit two ring magnets around the pencil. You 
may have to shave the pencil to fi t the magnets.
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by Srinath Perur

Having been chased by a tiny daschund 
named Julie in my childhood, I would like to 
begin by stating that dogs will chase not only 
cars, but anything that moves.

Why do they do this? As dogs have descended 
from wolves, they possess a number of 
instincts that help them capture prey. For 
instance, wild dogs often hunt in packs – 
they surround a herd of animals, isolate one, 
and attack it. They hunt animals much larger 
than themselves by biting at tendons in the 
lower leg. They hunt animals much smaller 
than themselves by holding them in their 
jaws and shaking them until they die. Dogs 
are also territorial animals – they mark the 
boundaries of their territory with urine and 
resist any intrusion.

For centuries, human beings have been 
putting these instincts to good use. The 
herding instinct of dogs is used by shepherds 
to round up their animals. Dogs make 
excellent guards because they are territorial. 
And with their powerful sense of smell, dogs 
can be trained to follow a criminal’s trail or 
detect drugs or bombs.

But instincts developed for use in the jungle 
can be expressed in strange ways in a city 
or a home. A pet dog, for instance, might 
chew up a teddy bear and shake it violently. 
A dog like Julie might chase someone while 

nipping at his or her ankles. Or as you have 
observed, a dog might set off in furious chase 
of cars and motorcycles to drive them away 
from its territory.
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Chirag S.  from Uttarakhand wants to 
know: Why do dogs chase cars?

WildDog Chase

But there’s something we can learn from 
all this: it’s generally not a good idea to 
run when a dog comes after you. It may be 
a hunting instinct that tells the dog that if 
something is running away from it, it is likely 
to be prey. So it’s best to slowly move away. 
Now, if only I had known this when Julie 
came after me!.

05August 2011
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Science Come Alive

This special issue of Brainwave has been produced 
in collaboration with scientists from National Chemical 
Laboratory. The NCL is a research organisation under the 
Council of Scientifi c and Industrial Research (CSIR). Set up 
around the time that India became independent, NCL boasts 
excellent research facilities and scientifi c expertise. What 
makes NCL special, though, is that its scientists take a keen 
interest in reaching out to students.

That is why in July 2008, they started the Exciting Science 
Group (ESG). This outreach programme blends natural 
inquisitiveness into demonstrations and workshops to make 
science come alive. And before they know it, students are 
enjoying science without being taught! The ESG has grown 
to include scientists from NCL and faculty from IISER Pune.
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The Exciting Science Group holds interactive talks on Sundays at 
10am the NCL Campus. You can register with the ESG for free at 
www.excitingscience.org/

To celebrate the International Year of Chemistry, NCL holds 
workshops on Saturdays (from 8am to noon) where students can 
interact with scientists and do experiments specially designed 
for them. Register at www.excitingscience.org/iyc2011

If you have any questions about the Exciting Science Group, 
contact Ms. Bhakti Dhamdhere at outreach@excitingscience.org 
You can also get on NCL’s mailing list for updates about the talks, 
registration dates, etc.

Thanks to our special guest advisors for this issue:
Dr. BLV Prasad, Dr. Guruswamy Kumaraswamy, Dr. Magesh 
Nandgopal, Dr. Mrityunjoy Kar, Dr. Neelanjana Sengupta, Dr. 
Rahul Banerjee, Dr. Sayam Sen Gupta, Dr. Kumar Vanka, 
Dr. S Sivaram, Sohini Maitra and Wafi a Masih from the National 
Chemical Laboratory (NCL), Pune; and Sowmya Rajendran.

*S
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In which our favourite shape-
shifting elemental - Bhoo! - 
takes the form of world-famous 
science sleuth, Gaia Goel, to 
fi nd a missing chemist, battle 
dangerous terrorists and solve

[For those who came in late: Bhoo is an 
elemental whose powers include shape-
shifting, the ability to pop in and out 
of human form, the ability to travel 
incredibly quickly to incredibly remote 
locations and solve the toughest of 
science crimes. She works with the other 
Smarties at Brainwave Labs: Arby, Alby, 
Dr. Dodo and Skreeee!!]*

07

Story and script by Rajita Gadagkar, Dr. Kumar Vanka (NCL) and Vinayak Varma
Art and layouts by Prabha Mallya  |  Infographics by Somesh Kumar

Special thanks to The National Chemical Laboratory, Pune
Bhoo, The Smarties and Brainwave Labs created by Vinayak Varma

*See older issues of Brainwave for more exciting adventures featuring the Smarties!

August 2011
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Are you as good 
as they say you 

are?

Hm. At least you seem 
confi dent. Well, here’s the 

trouble: we have 
reason to believe that one 
of our lead researchers, 
Dr. Aziz Ahmad Al-Pha, 

has been kidnapped. 
You must help us fi nd 

him. Al-Pha’s been away 
researching rare plants in 
the islands of the Bay of 
Bengal. The last we heard 
from him was over a week 
ago. He was setting out 

for his expedition in a ferry 
from the coastal town of 

Tranquebar.

Why do you 
think Dr. Al-Pha 

has gone missing? 
Maybe he’s just 
misplaced his 

satellite phone or 
something.

Yup!

That’s what we 
thought as well. Al-Pha’s 
very absent-minded, and 
he’s very bad at keeping in 
touch. We thought he was 

just being himself. Until what 
happened last night, that is. 

Al-Pha’s lab here at NLCS was 
raided by a gang of masked 
bandits a couple of hours 

after we closed for the day. 
They disabled our security 
systems, knocked out the 
guards and entered our 

most secure facility. 
These were obviously 

professionals.

08

GAIA GOEL

GLOBAL GUMSHOE

SOLVING FUNDAMENTAL MYSTERIES SINCE 1982

IT’S ELEMENTAL, MY DEAR WATSON!

In the offi ce of Dr. Ben Zeenring, 
Director of the National Laboratory 
of Chemical Sciences (NLCS)
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Hmm. Did 
they take 
anything?

They stole several 
important fi les containing 
Al-Pha’s research. And left 
a ransom note which says 

they’re prepared to kill 
Al-Pha, unless our global 
network of researchers 
destroys all their core 

research within the next 
three days.Okay. So I 

have a time 
limit to work 
with. What 

was Dr. Al-Pha 
researching?

He’s been working 
on creating a cheap 

and sustainable 
form of artifi cial 

photosynthesis. He 
was on the verge of 

solving the global energy 
crisis. His research 
is hugely important 
for the future of our 

planet.

Hmm. Does 
he have any 
enemies?

Several, I’m sure. If Al-Pha 
succeeds in his research, 
many people selling the 

older polluting forms 
of energy will go out of 

business.
Do you 

suspect 
anyone in 

particular? 
Can you 

give me any 
leads?

A recent intelligence 
report says that 
some of these old 
energy businesses 

have combined forces 
and hired a dangerous 
terrorist organisation 

to sabotage all new 
clean energy research. 

They could 
be responsible.

Which terrorist 
organisation is 

this?
AVAST!

Eh?

AVAST! Assorted 
Villains And Science 

Terrorists!

Assorted Villains And 
Science Terrorists? 
How silly! They sound 

like a can of nuts.

09

Eh?
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Eww! 
What’s 

with the 
stink?

Notebooks with 
missing pages, fi les stolen 

from the fi ling cabinets. 
But no clues on possible 

whereabouts of 
Dr. Al-Pha.

BLERG! 
A power failure!

Flying Poppadams, it’s 
a secret map! These two 

glimmering points are 
actually islands in the 

Bay of Bengal. Dr. Al-Pha 
must’ve visited them on 
his expedition. AVAST 

is probably holding him 
captive somewhere in 

this region. But which of 
these islands did 

he go to fi rst?

So! The NLCS has 
hired a Smartie 

to fi nd Dr. Al-Pha! 
Innnnnnteresting!

ON CRITICAL MISSION 
TO UNNAMED ISLAND IN 
BAY OF BENGAL. OVER 

AND OUT.

prof Pi, chief 
sinister offi cer of 
AVAST’s sinister 
operations

BAY OF 
BENGAL

A fortunate accident! Gaia 
trips the UV mode on her 
fl ashlight, and sees this!

Gaia arrives at Dr. Al-pha’s laboratory to look for clues to his whereabouts. While Gaia has many 
superpowers, she does not, unfortunately, have any special defenses against malodorous smells!

Gaia briefs Skree!!, the bearded 
Toda lady who runs Brainwave Labs

Nanoparticles 

The map glimmered because 
Dr. Al-Pha used the unusual 
properties of nanoparticles. 
Nanoparticles of an element 
are as small as 80,000th the 
width of a human hair! 

For example, gold has a 
yellowish colour. But as a 
nanoparticle, it displays a 

pink colour. Nanoparticles of 
certain elements like silicon 
emit specifi c colours when hit 
by UV rays. Dr. Al-Pha must 
have embedded such particles 
in the map. When UV light 
from Gaia’s torch accidentally 
fell on the map, two points 
glowed.

Silicon

UV rays

Silicon 
Nanoparticles

10

(Defi nition by Dr. BLV Prasad)
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Yes, we all have youthful skin. It’s because 
of an herb we’ve been applying for centuries 
now – Bengalus globulus. Our island is the 

only place in the world where it grows.

Gaia’s fi rst stop: the 
village of ageless people 
on the unnamed island.

And what 
can I do 
for you?

 I am looking for a 
lost scientist, Dr. Aziz 
Ahmad Al-Pha. He is 

believed to have visited 
your village recently.

 I have 
nothing to 
say on this 

matter.

 Chief, this is a matter of national 
importance. Any information you 
give me will not only save a man’s 

life, but also avert a scientifi c 
disaster!

What 
beautiful skin 

you guys have!

11

Medieval times – People attempt to convert common metals to gold. This practice, called 
alchemy, leads to several discoveries that eventually result in the birth of chemistry.

s

Gaia meets the village 
head, Chief Dhoondmal Das
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We’ve fallen prey to nosy inquisitors 
before! Dr. Al-Pha himself promised 

to help us out but instead plundered 
our reserves of Bengalus globulus 

and disappeared with them! But you 
say you are a scientifi c detective. If 
you can solve the problem faced by 

the village, I will, in turn, give you the 
information you need on Dr. Al-Pha.

At your 
scientifi c service 

Chief!  

Here’s the issue – the herb 
that keeps our skins youthful 

has withered up for some 
reason. Because of which, the 

villagers have started wrinkling. 
Added to this, crops have 

stopped growing in the island’s 
soil altogether, leaving everyone 

hungry and unhappy.

So what we have here is a 
SUPERABSORBENT POLYMER. You have 
to trap water in it whenever the next 
rain shower occurs. Then you add some 
nutrients and herbs to it to create 
artifi cial soil in which you can plant 
crops. Once they grow in this hydroponic 
environment, transfer them into the 
actual soil where they will be able to get 
just enough water. In time, the plants will 
make the soil fertile again. You will then be 
able to grow anything on the island.

Superabsorbent 
Polymers

A polymer is a material whose 
molecules consist of several 
similar units bonded together.
A superabsorbent polymer 
(SAP) is a special material 
that can absorb massive 
amounts of water by forming 
hydrogels.

Try this:
Cut open a diaper. The 
powder you see in it is the 
SAP. Collect it. Add water and 
watch it form a hydrogel.
Add salt water to a portion 

SAP (1gm) Water (0.5lt) Hydrogel  (0.2% polymer; 

99.8% water)

of the powder and see 
how it reacts. Is the effect 
different from regular water? 
Share your observations at 
brainwave@ack-media.com.

+ =

t

12

(Defi nition by Dr. Guruswamy Kumaraswamy)

Gaia fi gures that a shrinking water table is 
causing the problem and whips up a solution for it.

Els
Sp
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Boss, we will have her in your 
custody in no time.

One day down. 
Only 48 hours left 
before AVAST will 

fi nish off Dr. Al-Pha. 
I must hurry!

A particular ingredient in the 
water in our village has this 
reddening effect on our hair.

The redness in our hair has 
begun to fade because this 

ingredient has been replaced by 
a more toxic one – arsenic! Dr. 
Al-Pha promised to help us, and 

so we shared our knowledge 
of indigenous herbs with him. 
But he secretly slipped away 
one night. Now we are facing 

serious health problems 
because of arsenic poisoning.

Hello Skreee!!! I’m still on the 
Al-Pha case and need your 
help. Can you tell me which 
ingredient can purify water 
contaminated by arsenic?

Gaia fi nds her way 
to the Village of Red 
Headed People, with 

the Chief’s help.

13

1789 – Alchemy completes its transition to chemistry with Antoine Lavoisier’s discoveries. 
These include the Law of Conservation of Mass, which states that mass can neither be 
created nor destroyed.

my)

Elsewhere, Prof Pi instructs his 
Special Goon Squad to capture Gaia.

Gaia goes to meet the village 
chieftain Moonmoon Mookherji.

Once again, Gaia has 
to make a deal with 
a cranky village chief: 
to help the villagers 
with a problem they’re 
facing. In return, 
Moon Moon agrees to 
give Gaia information 
on Dr. Al-pha.

Oh my! 
What 
red hair!

Dr. Al-Pha...?

August 2011
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You can eliminate arsenic by 
adding nanoparticles of iron oxide 

(Fe2O3) to the contaminated 
water. The arsenic sticks to the 
surface of the nanoparticles, 

which can then be extracted from 
the water using a magnet!

Another thing, Gaia... I just 
read a profi le of AVAST’s top 
man Prof Pi on the Interpol 
website. It seems he is an 

expert at decrypting signals. 
If he knows you’re on the 
case, he might be tracking 

your satellite phone activity.

 Flying poppadams! 
You’re right! I 

hope I’ve not given 
myself away.

Now I have to add 
these particles to the 

water sample. And…oh...
nothing happened!

Aha! I must’ve used 
a POLYMORPH OF 

IRON OXIDE. I must 
have picked up a 

form of Fe2O3 that 
is not magnetic.

Let me repeat the procedure. 
Now I need to get rid of 

the arsenic by pulling the 
particles out of the water 

with this magnet...

... and voila! It 
works!

Polymorphs
Some materials have the 
ability to exist in several 
forms, each with different 
properties. These forms 
are called polymorphs. For 
instance, silica exists as the 
hard gemstone quartz and 
as fi ne sand. Similarly, iron 
oxide (Fe2O3) has several 
polymorphs. One of them, 

alpha-iron oxide (α-Fe2O3), is 
orange-red in colour and does 
not get attracted to magnets. 
On the other hand, gamma-
iron oxide (γ-Fe2O3) is 
brownish-black and magnetic. 
The mistake that Gaia makes 
is in the identifi cation of the 
correct polymorph. 

Fe
2
O

3

m

14

(Defi nition by Dr. BLV Prasad)

Gaia collects orange-
red iron particles 
near the village.

This time, Gaia collects 
blackish-brown particles.

G
th
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He would mostly 
spend his time 
collecting herbs 
from the jungle. And 
he often spoke of 
visiting the village 
east of ours.

Thanks, I 
need to go 

there 
immediately. 
T minus 1 and 

lift off!

I just lost the 
target! She 

must’ve turned off 
her phone. I won’t 

be able to give you 
updates on her 

location anymore.

Boss, we will use our special tactics and force 
the information out of these sleepy islanders! 

We will fi nd Gaia by the end of today.

That Al-Pha! If I ever 
see him again, I will 
personally lock him 
up in the coldest 
hut in town! He 

promised to get to 
the bottom of the 
life-threatening cold 

affl icting us, but 
left abruptly.

15

1803 – John Dalton proposes the Atomic Theory, which states that the basic unit of all 
chemical elements is an atom with a characteristic mass. Atoms combine with one another 
based on a set of specifi c rules.

Pleased with Gaia’s handiwork, the 
village chief tells her about Dr. Al-pha.

Gaia arrives at her next stop: 
the Village of Chattering People.

Gaia meets Chief Phoolchand Chatterjee.

August 2011
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Do you know 
what is causing 
this climate?

You know, our 
village used to be a 
warm place, as it’s 
located right next 
to a hot spring. 

But since that big, 
mysterious factory 
came up last year, 
the place has been 

getting colder by the 
day. We may even 

have to leave 
soon.

Err….Can I have a crack at 
the problem? And will you 
give me the dope on Dr. 

Al-Pha if I am successful?

Most willingly.

This evil factory 
is up to no good. 

It’s drawing all the 
geothermal energy 

from the hot 
spring, leaving no 

heat for the village. 
But I can fi x this!

Glug, glug…How 
devious. These 

factory guys are 
using underground 
vents to tap the 

geothermal energy 
right from the 
riverbed. I need 
to stop their 

thieving…

And that’s 
another case 

closed!

16

Chief Chatterjee is thrilled to have the heat 
back on and tells Gaia where to look for Al-pha.

Th
ca
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I told you to ask for 
directions, but you 

wouldn’t listen.
We’ve been going 

round and round in 
circles for the past 

two hours!

I thought I knew 
the way to the next 
village, but all these 

blessed trees look the 
same!

Why can’t 
they invent GPS 

systems for 
deep jungles?

Hello sir! Beautiful 
day isn’t it? What 

can you tell me 
about Dr. Al-Pha? 

Have you seen 
him around? Do 

you know where he 
went?

This doesn’t 
look good…Day 
2 is gone…only 
a day more to 
go. Where do I 
fi nd Al-Pha?

17

1869 – Dmitri Mendeleev develops the periodic table of elements based on their atomic 
weights. Not only does this bring order to existing elements, it also helps predict the 
existence and properties of new elements.

The villagers agree to talk to Gaia if she 
can crack the mystery behind their blisters.

The Village of the Itchy-
Scratchy People

August 2011
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Is this the 
preservative 

you use to store 
the wood you 

chop?

That’s right.
Penta-chloro 

phenol.

See, that’s the reason 
for the blisters and 
boils. When you burn 

the wood, this chemical 
gets converted into 

DIOXINS, which produce 
blisters when they come 

in contact with 
human skin.

Then how can we 
protect the wood we 
cut from termites?

I recommend you use sodium 
silicate as a preservative for the 
wood instead. It’s harmless, and 
you won’t suffer from blisters or 

environmental pollution.

Now, which one of you can 
give me information on 

Dr. Aziz Ahmad Al-Pha?
He was living here for 
a while, conducting 

experiments with local 
plants. One night, a 

couple of men in dark 
suits came to meet 
him. He fl ed the next 
day and we haven’t 
heard of the doctor 

since.

Oh! The AVAST 
guys must’ve 

come to threaten 
Al-Pha!

Dioxins 

All Gaia did by changing 
the wood preservative was 
remove chlorine out of the 
combustion process. When 
organic material (in this 
case wood) is burnt in the 
presence of chlorine, it 
produces dioxins. Dioxins 
don’t just cause blisters, they 
are pollutants that continue 

to get recycled in the 
environment for years.
Waste containing chlorine 

should not be incinerated. 
Instead, it should be buried 
as landfi ll.

18

(Defi nition by Dr. Sayam Sen Gupta)

A
A
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I saw 
Mr. Alpha 
leaving. He 
dropped 

this.

Time to 
snoop 

around…

There seem to be an awful 
lot of footprints here. This 
means a scuffl e took place 

between Al-Pha and the 
kidnappers.

There seem to 
be three sets of 

footprints. Two sets are 
from identical Army boots, 

and another from a pair 
of fl oaters. Obviously, the 
fl oaters are Al-Pha’s and 
the boots belong to the 

AVAST baddies.

Oh, look! The 
baddies’ footprints 
have left behind a 

different kind of mud 
than the one found 

in this region. It 
looks like basalt!

 Soil with so much basalt in it 
can only come from volcanic 

rock. And there’s only one 
island in this archipelago that 

has volcanic rock – Zwala! 
So that’s precisely where Al-

Pha’s being imprisoned!

MEANWHILE Putrid work by 
my best men! 

You didn’t even 
get close to Gaia 
Goel. I am taking 
the ‘special’ out of 
your designation. 
Henceforth, you 
will only be known 

as the Goon 
Squad! No!!!

Co-ordinates 
to where Dr Al-Pha 

went next? Yay!

19

1876 – Josiah Willard Gibbs develops chemical thermodynamics, which explores the effects 
of heat and work on chemical reactions.

At the cave where 
Al-pha went next.

August 2011
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I give you one last chance 
to redeem yourselves. I 

think Gaia would’ve fi gured 
out the location of our 
hideout by now. When 

she gets here, make sure 
you annihilate her. She is 
an elemental, so you will 

have to be doubly good to 
stand a chance.

Gaia Goel, 
Global 

Gumshoe. 
Pleased to 
make your 

acquaintance. 
I’ve come here 
to meet Dr. 
Aziz Ahmad 

Al-Pha.

And we are the 
SGS, err…now just 
the GS. Pleased 

to make your 
acquaintance. 
Unfortunately, 

Al-Pha will not be 
able to meet you, 
as he is currently 

bound and gagged.

SURE ENOUGH

Ms. Goel, so we 
meet at last.

Hello 
Pi-Face! Ms. Goel, listen up 

carefully. In my hand 
is the remote for a 
gas bomb set up in 
the chamber behind 

you, where Dr. Al-Pha 
is imprisoned. When I 

press this button, the 
gas bomb will explode, 
releasing poisonous 

chemicals that will kill 
the doctor instantly.

Sorry, I can’t 
hang out and 

chat more. 
Goodbye…

 It’s elemental, my 
dear Watson!

Thanks for saving my life. 
But I need to rush to my 

lab to see if the AVAST men 
have stolen my artifi cial 

photosynthesis formulae.

I guess I’ll just 
let myself in!

Hold on, 
I see some 
bad weather 

coming!

YEOW!
She threw 
a hailstorm 

at me!

Gah!
I’m out of 
here - for 

now.

20
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LATER, BACK 
AT BRAINWAVE 

LABS

Whew! The 
terrorists were 
idiots! They only 

stole my notebooks, 
when all the 

important data 
was actually on 

these hard drives.

Smart way of 
storing your 

work!

Actually, computers are not 
just used for storage in my 
line of work. I’ve made huge 
headway with my artifi cial 
photosynthesis research 
thanks to COMPUTATIONAL 
CHEMISTRY. Let me explain 

how chemistry and computers 
are linked over a cup of ginger 
chai in the canteen. Then we 

can meet Dr. Zeenring and give 
him the good news. 

To artifi cial 
photosynthesis! 

To Gaia! To 
science!

Bwaahahaha! 
You haven’t 

seen the last of 
AVAST!

FIN

21

Computational 
Chemistry

Experiments in the chemistry 
lab often yield interesting 
products, but in many 
situations, the mechanism 
driving the chemical reactions 
remain unclear. 

Fortunately, in recent years, 
fast computers and cutting-
edge software have provided 
tools that can help probe 
and even predict the way 

reactions proceed. And as 
computers become faster and 
software become smarter, we 
will have the ability to study 
chemical reactions on a larger 
scale — in the atmosphere, 
in the human body and even 
those involving the origins of 
life and the universe!

aA + bB 
= 

cC + dD

(Defi nition by Dr. Kumar Vanka)
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BOTTLE BUG
THE PLASTIC 

YOU WILL NEED

Instructions

CHEST AND LEGS

BACK

WINGS
1) Any 500ml plastic bottle
2) Scissors
3) Acrylic, enamel or glass 
paints or a spray can

To start making the bug, 
make a vertical cut down 
the middle of the bottle. 
Leave about 1.5 inches 
on the top. The bottle 
cap will be the head of 
the bug.

Flip the bottle and cut a long strip all the way 
from the neck to the bottom of the bottle. (Make 
a shape like the one shown in the image below.) 

Fold the wings so that they point outwards.

Draw out the wings on either side of the back 
and cut them out. Don’t make the top of the 
wings too thin: you don’t want them falling off. 

Fold out the legs on either side of the body.

LONGER BACK LEG

SHORTER FRONT LEGS

WING SHAPE

EEDEED
botttle

glass

Draw a triangular shape from the neck of the 
bottle to make the bug’s chest. Make three cuts 
on either side of the triangle to create six legs. 
The backmost legs will be longer (see image).

 BACK TAIL
by Chaitanya Krishnan

22
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LOCKING THE ABDOMEN LOCKING THE BACK AND ABDOMEN
Here comes the tricky part! We need to "lock” the 
two abdomen flaps to make the bug’s body sturdy.

make a slit here make a slit here
BACK

ABDOMEN make a slit here

make a slit here

The goal is to make a stronger and narrower 
abdomen by attaching these two flaps.

Once locked in place, the bug should stand 
comfortably. Paint it any colour or pattern.

Give your bug a name. Identify its species and 
decide on its diet, habitat and behaviour. Tell us 
about your bottle bug at 
brainwave@ack-media.com. 

Cut the tail so that it curves as in the image below.

Make two pairs of slits on the bug’s back and 
on its abdomen. Fit the slit from the back into 
the one on the abdomen.

The flaps need to overlap such that the two 
slits fit into each other.

draw two lines like this

interlocked

interlocked

Note: if you’re having trouble, just skip this step 
and use scotch tape to stick the abdomen flaps.
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ACROSS 
1. Not containing hydrocarbon groups (9)
6. The pesticide Azadirachtin is extracted from 
this plant (4)
8. The chemical tannin is present in this 
beverage (3)
10. A metal formed by combining two or more 
metals (5)
13. Solid, liquid and ___ are the three classical 
states of matter (3)
15. SI prefi x that indicates a factor of 10 -12 (4)
18. Chemical compounds interacting to form new 
compounds (9) 

Send us your completed crosswords, 
and give us your feedback! Write to 
brainwave@ack-media.com. 

by Veena Prasad

DOWN
1. Charged particles (4)
2. Rock from which metals are mined (3)
3. Gallium, on the periodic table (2)
4. A ____ Ionic Equation is a reaction without 
spectator ions (3)
5. A nonrenewable fossil fuel (4) 
7. Avogadro Constant = number of molecules in 
one ____ (4) 
9. The salt of a fatty acid, very clean (4) 
11. A polymer commonly used to culture   
bacteria (4) 
12. The _____ are the periods in the periodic  
table (4) 
14. A source of sodium chloride (3) 
16. C-12 and C-13 are ___topes of the element 
carbon (3) 
17. Astatine, on the periodic table (2)

Easy

Medium

Difficult

An Unbalanced Equation
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EPISODE 4: CYCLOPS

SCRIPT BY SHALINI SRINIVASAN \ ARTWORK BY RAJIV EIPE
BASED ON A NOVEL OF THE SAME NAME BY DR. JAYANT NARLIKAR

B\W COMICS PRESENTS
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To be continued ...
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A screw was used for raising 
and lowering the barrel.

The length of the 
cannon’s barrel 
is about twice 
the height of a 
basketball hoop.

The barrel weighs 
more than eleven 
elephants.

The Jaivana was placed on a four-wheeled 
carriage in Jaigarh fort in the reign of 
Maharaja Ram Singh II (1835-1880).

30

THE GIANT CANNON

The Dark Side
Newton stated that every action has an 
opposite reaction of the same value. When 
a gun is fi red, for example, the person 
fi ring it will experience a force that pushes 
him backwards. This is called ‘recoil’ and 
is as intense as the force with which the 
bullet leaves the barrel of the gun. Can you 
imagine the recoil force of the Jaivana!

Rumour has it that a pool of water had been 
dug for the safety of the person fi ring the 
cannon. But the recoil killed him even before 
he could get to the water..

by Aparna Kapur
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How would a pool of water help?

Water, being denser than air, absorbs 
more energy. It then dissipates this 
energy. This means that it takes in 
energy waves and then scatters them. 
Since the energy gets distributed over 
the surface of the water, the recoil force 
becomes less destructive in the water.

Built in 1720, the Jaivana is the largest 
wheeled cannon in the world. Some claim 
to have evidence suggesting that the cannon 
has been fi red multiple times. Others say 
it was only used during a test fi re in 1720. 
A pond near a village called Chaksu in 
Rajasthan is believed to be the result of a 
crater formed during this test fi re.

The Jaivana on display at 
Jaigarh fort in Jaipur, Rajasthan
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...so when the 12 
volt electrodes pass 
current, worms come 

to the surface...

Steel bucket 
(good conductor 
of electricity)

The ‘star’ of our 
story (and soon 
he’ll see stars!)

Suspicious worm

Blissfully 
unaware worm

Woah! What if 
I increase the 

voltage to 220?

I hope 
he doesn’t 

come 
back as a 

‘volt’ergeist!

The Darwin Award, named after Charles Darwin, is given to people who “do a service to humanity by 
removing themselves from the gene pool”; given, in other words, to people who get killed while doing 
something really, really dumb!
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by Aparna Kapur

n
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TANK HEAVENS!
by Somesh Kumar

Projectiles and trajectories are terms 
that often get thrown around in science 
classrooms. But these complicated terms can 
swoosh over your head as you try to fi gure 
out their meaning. When science lessons 
don’t help, it’s better to approach this subject 
over a fun game of Pocket Tanks.

Pocket Tanks Version 1.3
Operating Platforms: Windows, 
Mac, iPhone
Price: Free to try (30-weapon pack)

New feature: You can play the game with 
your friend on separate computers where 
LAN support is available.

2/5

GRAPHICS GAMEPLAY FUN

4.5/5 4.5/5

In this game of artillery, you will have to 
drop weapons as projectiles over your 
enemy’s tank from a distance. You get to pick 
ten weapons from the weapon depot and use 
them wisely for each of the ten volleys in the 
game. Set the angle, power settings and fi re 
your weapons bang on target to earn your 
points. The weapons on offer can fl y, pop, 
crawl burst in bubbles, thunder and some 
can put a good icing of dirt on you. With so 
many choices and only ten shots to fi re, you 
have to know when to pile your enemy under 
rainbow dirt, when to toss him/her in close 
range combat and when to shoo him/her off 
using mega weapons.

You can also select your landscape – get 
face-to-face with the enemy’s tank on a fl at 
terrain or choose a guerrilla fi ght in the hills; 
pick a rocky terrain to bend sharp, devious 
shots at your enemy or opt for a plain 
cowboy gunfi ght. If it gets too convenient, 
make your life diffi cult by turning on the 
wind mode.

As a senior gamer, let me drop a hint for 
beginners – hit the weapon ‘Scattershot’ right 
under the enemy tank’s turret for maximum 
points. There are many more tricks for you 
to explore at –
www.blitwise.com/downloads.html.
See you in the battlefi eld..

W
Vi
‘L
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Dear Editor,

Brainwave is an informative, 

fantabulous magazine where 

one would dissolve reading it. 

It enriches our knowledge and 

helps us to teach it to others. 

BRAINWAVE ROCKS!!!

Adrian Joseph David

This magazine is amazing. It has many different, creative and innovate ideas.

Krisha Shah

I enjoyed solving the 
crossword puzzle for 
May 2011. I also learned 
new things about space.
Thank you.

Johann

I just got your magazine 
from a friend of mine. 
I must say, it is mind 
blowing! Science really 
interests me.

Parina Muchhala

aaahhhhhh

A very nice science 

magazine to read. 

And it helps me 
concentrate in 
science.

Shrey Singhal

33
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I really love your magazine. 
It consists of mind blowing 
facts and ideas that help me 
in many ways.

Neha Chaudhary
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I won a 6-month 

subscription to my 

new favourite science 

magazine. It’s the hip 

machine of learning: 

Brainwave!!!!

Sreecharan 
Sankaranarayanan
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Write to us at brainwave@ack-media.com
Visit us at www.brainwavemagazine.com
‘Like’ our page at www.facebook.come/Brainwavemag

August 2011
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Chemist 
versus 
Alchemist

34

Chemistry is a very old science. References 
to chemical transformations and the 
nature of matter date all the way back to 
the Egyptian and Greek civilisations. In 
fact, modern chemistry has its roots in the 
ancient tradition of alchemy, which sought to 
transform base metals like lead into gold. For 
instance, the ‘Father of Modern Chemistry’, 
Robert Boyle (1627-91) was fascinated by 
alchemy, and so was Isaac Newton. So much 
so that Newton is believed to have written 
more about alchemy than physics and 
mathematics put together.

The written origins of alchemy can be traced 
back to Hellenistic Greece (323 BC-140 BC). 
Muslim scholars in turn translated these 
Greek texts into Arabic and called their study 
‘al-chemia’. At the same time, matter and 
its transformation was studied with growing 
interest in China and India (where its study 
was called ‘Rasayana’).

Modern chemistry began to emerge 
sometime between the seventeenth and 
eighteenth centuries, thanks to scientists 
like Boyle and Antoine Lavoisier. In 1661, 
Boyle wrote the classic chemistry text, The 
Sceptical Chymist, in which he defi ned the 
term ‘element’. Two centuries later, John 
Dalton (1766-1844) proposed the atomic 
theory and Dmitri Mendeleev (1834-

1907) discovered the periodic table. Then 
in 1911, Ernest Rutherford (1871-1937) 
discovered the structure of an atom, an 
event so revolutionary, that chemistry was 
transformed beyond the wildest imagination 
of the alchemists.

Over the past 100 years, chemistry has 
grown into a precise science dealing with 
the composition, structure and properties 
of various substances that make up matter. 
Although chemists have not yet been able 
to convert base metals like copper and lead 
to gold as the alchemists dreamt of doing, 
they have synthesised quartz from silicon 
and diamonds from carbon and created 
new elements like plutonium and nobelium 
through transmutation.

But where do the alchemists fi t into all of 
this? Were they really pioneers of chemistry? 
And did they practice science or magic? In 
recent years, there has been a resurgence 
of interest in the work of early alchemists. 
Their closely guarded secrets have been 
uncovered, providing a rich source of 
information to historians of chemistry.

We now know that alchemists were the fi rst 
to practice experimental chemistry. They 
created laboratories, designed apparatus 
made of glass, metal and wood and invented 
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by Dr. S Sivaram

Understanding the links 

between the modern science 

and the ancient tradition
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techniques like distillation, titration, 
precipitation and crystallisation — processes 
that modern chemists use even today. The 
alchemist’s obsession with fantastic ideas 
like the Philosopher’s Stone, Phlogiston 
and Ether that supposedly had the power to 
transform matter, later led to the discovery of 
the elements, atoms, oxygen and so on.

Instead of thinking of alchemists as crooks, 
we now see them as seekers of knowledge 
who worked with well-constructed, but 
wrong theories. It was their desire to seek 

experimental verifi cation for their theories 
that led to the evolution of chemistry as a 
science. The alchemists remind us that all 
theories need to be treated cautiously, and 
that rigorous experimentation holds the 
key to the scientist’s quest for truth. Today, 
chemistry is seen as the quintessential 
experimental science, and for this, we need 
to thank the ancient alchemists..
Dr. S Sivaram is the former director and 

CSIR Bhatnagar Fellow at

the National Chemical Laboratory, Pune
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mineral and ore) could not 
be explained by the total 
amount of uranium and 
thorium alone. The Curies 
fi gured out that the excess 
radioactivity emitted was due 
to the presence of two other 
elements – polonium (Po) 
and radium (Ra). (Polonium 
was named after Curie’s 
homeland Poland.)

Marie Curie: A 
Radioactive Tale
Dr. Marie Sklodowska-
Curie is best known for her 
path-breaking research on 
radioactivity. The Polish-
French physicist-chemist 
began researching the 
mysterious ray-emitting 
properties of uranium with 
scientist Henry Becquerel in 
Paris in 1896. Becquerel had 
recently found that salts of 
the element uranium were 
capable of spontaneously 
emitting rays of an unknown 
nature.

Curie made the important 
discovery that the emission 
of these rays – which she 
later termed ‘radioactivity’ – 
depended not on the chemical 
nature of the salt, but on the 
total quantity of uranium 
contained in it. And so she 
deduced that radiation is an 
atomic property. During this 
time, Curie also stumbled 
onto the radioactive nature 
of another element, thorium. 
This was followed by two 
more startling discoveries.

Along with her husband and 
scientifi c collaborator Pierre 
Curie, Marie found that the 
radioactivity emitted from 
pitchblende (a uranium-rich 

by Dr. Neelanjana Sengupta
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But the scientifi c community 
wanted physical proof for the 
existence of the new elements 
— like their atomic weights. 
This meant that polonium and 
radium had to be extracted in 
their pure, elemental form. It 

was a hard task – from 1898 
to 1902, the Curies purifi ed 
huge quantities of spent 
pitchblende in an abandoned 
shed. Finally, the pitchblende 
yielded a few decigrams of 
pure polonium and radium; 
and their atomic weights 
were determined to be 84 and 
225, respectively.

A year after, the Curies 
(Pierre and Marie) and 
Becquerel were awarded 
the Nobel Prize in Physics 
for their research on 
radioactivity. Curie’s 
extensive work on the nature 
and compounds of radioactive 
elements fetched her yet 
another Nobel Prize (this time 
in Chemistry) in 1911, making 
her the fi rst scientist ever to 
win two Nobel prizes!

During World War I, 
Curie promoted the use of 
radioactivity to kill cancerous 
cells. Ironically, she herself 
developed leukemia, or 
cancer of the white blood 
cells, due to prolonged 
exposure to radiation. She 
died of complications in Paris, 
in 1934..
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Solution to Cross Section, 
Issue 8: “Bots & Crosses”

In the contest in Issue 7 of Brainwave, 
we asked you to tell us why you want to be 
a conservationist. The winner, who gets to 
explore the rainforest ecosystem in Agumbe, 
is Elena McCullough. Congratulations, 
Elena! The runners-up of the contest are 
Suporno Chaudhury and George Zacharia. 
You both win a Dynam Mini Microscope 
each! You can read all the winning entries at 
www.brainwavemagazine.com.

Congratulations to Achinthya Sreedhar, 
Sreecharan S and Priyanka Palit for 
correctly identifying M1 as the translocated 
snake in Issue 7 of Brainwave (p16). As 
promised, each of you win a six-month 
subscription to Brainwave! We must make 
a special mention of Sreejith for creatively 
(although incorrectly) assuming that M3 was 
missing from the map because it was the 
translocated one!

The results of the Earthwave contest are out 
too! To know whether your response has won 
you a height chart, log on to 
www.earthwave.in/brainwave. 

Send us your most mind-
boggling questions for next 
month’s ASK US WHY, and 
we will bust them with 
Brainwave’s patented boggle-
containment unit! Write to 
brainwave@ack-media.com.

Recommendations (if you want 
to know more about chemistry 
but don’t know where to look):

Periodic Tales: The Curious Lives of the 
Elements by Hugh Aldersey-Williams
ISBN: 9780670918119 | Publisher: Viking
Filled with fascinating stories about different 
elements, this book will take you on an 
exciting journey through the periodic table.

Fun with Mixing and Chemistry by Heidi 
Gold-Dworkin & Robert K. Ullman

ISBN: 9780071348256 | Publisher: McGraw-Hill
Get a hands-on experience of chemical 
reactions as you do the cool experiments and 
fun activities in this book.

Andriod apps (you can search for these 
at http://market.android.com):

Chemistry Revision
Developer: Vielma Management LLC

The Periodic Table
Developer: Socratica
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p05 Instinct: a natural behaviour, not 
based on conscious thought

Tendon: a tough band of inelastic fi brous 
tissue that connects a muscle with its bony 
attachment 

p09 Artifi cial photosynthesis: research 
that involves replicating the natural process 
of photosynthesis

p12 Water table: the highest level of 
ground water at a particular place

Hydroponic: relating to the technique of 
growing plants in nutrients dissolved in 
water

p16 Geothermal energy: heat within 
the earth used in the form of steam to turn 
turbines and make electricity

p17 GPS (Global Positioning System): 
enables a cellphone to determine its exact 
location based on satellite signals

p18 Preservative: an agent used to protect 
or maintain the condition of something

Incinerated: destroyed by burning

Landfi ll: waste material that is buried 
under layers of earth

p19 Archipelago: a group of islands

p31 Electrode: a terminal via which 
electricity passes through metallic and 
nonmetallic parts of a circuit

Voltage: the energy that drives the current 
in an electrical circuit

p32 Projectile: an object propelled 
through space by the application of a force

Trajectory: the path of a body as it travels 
through space

p34 Base metals: common or 
inexpensive metals

Synthesise: to combine elements and 
compounds to form more complex 
compounds

Transmutation: the act of changing or 
converting one thing to another

p35 Distillation: the process of 
separating out fi xed parts of a liquid, 
usually as a method of purifi cation

Titration: the method used to determine 
the amount of a particular substance in a 
solution

Precipitation: a reaction that leads to the 
formation of a heavier solid in a lighter 
liquid

Crystallisation: the formation of solid 
crystals from a solution

Phlogiston: the hypothetical substance 
formerly assumed to be present in all 
fl ammable materials to be given up by them 
while burning

Ether: a classical element that alchemists 
believed was present in the heavens and 
inaccessible to humans

p36 Radioactivity: the spontaneous 
decay of some unstable nuclei, accompanied 
by the emission of certain particles and 
energy

Atomic weight: the mass of an atom in a 
chemical element

Decigram: weight equal to one-tenth of a 
gram 

August 2011
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Send your most creative 
chemistry experiments 
to brainwave@ack-media.
com. The best entry will 
win a special secret 
prize! The fi rst runner-
up will win an amazing 
Astroscope! The second 
runner-up will win a six-
month subscription to 
Brainwave!

Mad Mimi 

makes 
a mean 
mixture. 
Can you outdo her 
chemical brilliance?

Copyright © 2011, Brainwave Magazine. All rights reserved.

Pssst! Last date for entries is 5 
September 2011!
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Dear Reader,

A lot of us take our sense of hearing for granted. 
We consume our lives in images, and the sounds 

that accompany life’s visual meat are often treated 
as a dispensable gravy. But sound not only gives our 
lives fl avour, it is one of the sharpest catalysts of 
our routines. From the alarm that wakes us in the 
morning to the music that relaxes us at night, our days 
are shaped by sound. 

But what if you had a hearing or visual impairment? 
When you have nothing to see, the act of hearing 
becomes your greatest guide. When all you hear is 
silence, you’re forced to navigate our incredibly loud 
world without an entire dimension of cues to rely on. 
If you’re blessed with both these senses, and I were to 
ask you to imagine a world without them, losing your 
sense of sight would be the quickest to achieve. Simply 
shut your eyes, and you will enter a world of darkness, 
where the pleasure of looking at a million colours, 
textures and shapes is instantly extinguished. It’s not 
so easy, though, to shut your ears. Our bodies have no 
in-built mechanism for shutting out sound. We live 
with sound all the time, so we’ve learnt to condition 
ourselves to ignore it. Ironically, the sharpest and 
most unrecognisable sound in our lives is often the 
sound of silence.

In this issue of Brainwave, we try to peel, chop and 
squeeze out the essence of sound. Of course, like with 
life, that’s not the only course on offer here. There are 
other sights and attractions to add spice to your meal. 
Eat well, and don’t forget to chew properly!

   Scientifi cally,
 Vinayak
 vinayak.varma@ack-media.com

Sound Judgement

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover artwork by 

Prabha Mallya

Printed at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 
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You will need: 
An empty soap dish.Two long needles.Four round plastic buttons.A broomstick bristle 
(about 20cm long).Thread

The Pullback Car

1. Make holes in the soap 
dish: one each on both ends 
of the long sides, as in the pic.

4. Tie thread on one end of 
the broomstick bristle. Fix the 
other end of the bristle to the 
back of the soap dish.

5. Tie the other end of the 
thread to the needle of the 
front wheels.

7. Release the car. The 
potential energy stored in 
the bristle gets converted to 
kinetic energy and the car 
moves forward..

6. Put the car on the ground 
and pull it back. The thread 
winds around the needle and 
the broomstick bristle bends.

by Arvind Gupta 

(www.arvindguptatoys.com) 

3. Fix both the button-needle 
contraptions into the holes of 
the soap dish. Now heat the 
eyes of the needles and fi x a 
button on each.

2. Heat the tip of a needle 
and poke it into the centre of 
a button. Repeat the process 
with the other needle and 
another button.
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While it’s best not to 
spend too much time 

upside down, that too on a full 
stomach, we all know that it 
is sometimes unavoidable. 
Happily, the human body 
makes sure that food doesn’t 
escape the wrong way out.

The food we eat goes down 
the throat and into the 
stomach through a tube 
called the oesophagus. The 
oesophagus doesn’t join the 
stomach vertically, but at an 
angle. This makes it harder 
for what is in the stomach to 
come out. In addition, there 
is a one-way valve at this 
junction that opens only into 
the stomach and not the other 
way around. Together, these 
mechanisms make sure that 
what goes into the stomach 
stays there, even when we 
happen to hang upside down. 
(If you want to fl aunt your 
medical lingo, the angle and 
the valve I just described 
are called the ‘angle of His’ 
and the ‘upper esophageal 
sphincter’, respectively.)

However, it is best for babies 
to avoid after-meal stunts. 
The angle and the valve 
in question are not fully 
developed in infants, which 
is why they are so prone to 
throwing up. This is why 
parents are advised to hold 
babies vertically for some 
time after they have been fed.

ASK US
WHY

Ranjani S from Chennai asks, 
“Why does food in the stomach 
not enter the mouth when we 
stand upside down?”

Special Tip: While 
you can eat or drink 
when upside down, you 
probably shouldn’t. It 
can get pretty messy, 
and there’s always the 
chance that things will 
go the wrong way before 
reaching the stomach!

You may also wonder: can 
we eat and drink while we 
are upside down? It turns 
out we can, but with a little 
more effort. Humans don’t 
need gravity to send food or 
drink from the mouth to the 
stomach. A muscular action 
of the walls of the oesophagus 
enables this through a process 
called ‘peristalsis’, much 
squeezing toothpaste out 
of a tube. This mechanism 
also allows astronauts to eat 
in space, where there is no 
gravity and no idea of up or 
down. However, most birds 
would have trouble eating in 
space. They cannot swallow 
like we do, and rely on tossing 
back their heads and allowing 
gravity to do the rest..

05

Ranjani S from C
“Wh d

by Dr Srinath Perur
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cacophony 

Er
Ce
pe
of 
wh

06

Brainwave 10 somesh.indd   8Brainwave 10 somesh.indd   8 8/18/2011   3:06:54 PM8/18/2011   3:06:54 PM



September 2011

A
rt

w
or

k
: S

om
es

h
 K

u
m

a
r

Human beings use both 
ears to sense where sounds 
originate. This process is 
called binaural hearing. 
Assorted experiments have 
investigated how this takes 
place. Read on:

In a nutshell These 
experiments show that 
human ears are able to 
determine the direction of 
sounds in the environment. 
Variations in time and pitch 
between the two ears cause 
binaural hearing..

Arthur Pierce, 1901
A dome-shaped structure 
rotates a telephone around 
a blindfolded person’s head. 
The listener has trouble 
recognising the direction of 
the sound when the telephone 
is directly ahead of, or behind 
him/her. Pierce concludes 
that people cannot identify 
the direction of sounds when 
the source is equidistant from 
both ears.

Ernst Weber, 19th 
Century Weber fi nds that 
people identify the direction 
of different sounds, even 
when blindfolded.
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EM Hornbostel and Max 
Wertheimer, 1920 Their 
experiment fi nds that as the 
time interval between two 
sounds of the same frequency
increases, listeners perceive 
a shift in the direction of the 
sound source.

HERE'S
HOW

by Aparna Kapur

07
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Make your own 
instruments
What we hear as music 

actually consists of 
vibrations travelling through 
the air. Find out how popular 
musical instruments vibrate 
to create different sounds 
and how you can make these 
mellifl uous objects at home.

How to Make a 
Wood Xylophone

Two long strips of thick cloth or foam (12 
inches x 1 inch), a wooden base (12 inches x 
8 inches), fi ve fl at pieces of wood* (an inch in 
thickness) varying in length and strong glue.

1. Glue the two foam strips along the length 
of the wooden base.

An
or
th
lar

1. 

M

M

2. Fix the wood pieces fi rmly across the base 
in decreasing order of length.

Method

by Aparna Kapur

Ting Ting! Some types of music are produced by 
the vibrations of the instrument itself. A cymbal, for 
instance, is struck with drumsticks to make it vibrate, 
while a bell chimes when its clapper produces vibrations 
in the rest of its body. The xylophone also belongs to this 
group of instruments. It has several bars, each of which 
produces a different note when it vibrates.
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* You can fi nd blocks of wood at a carpenter’s workshop.
08
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How to Make a 
Balloon Drum

h 

An open cylindrical container (glass, metal 
or ceramic), a balloon big enough to fi t over 
the mouth of the container and a string or 
large rubberband.

1. Cut off the mouth of the balloon.

2. Stretch the balloon and fi t it over the 
mouth of the container.

3. Use string to secure the balloon in place.

Materials

Method

e 

4. Using the same sticks with which you 
played the xylophone, proceed to beat the 
drum. The balloon membrane vibrates and 
produces booming sounds.

ns 
is 
 

Wham Blam! Music is also produced when a 
stretched membrane (a thin synthetic material) 
vibrates. Drums, congos, tabla and bongos belong to this 
class of instruments.
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To make the sticks: 
Wrap some cloth or sponge around a pair of 
chopsticks or strong twigs. Use these sticks 
to play your xylophone. Notice how the pitch 
of the note goes higher as the length of the 
bar decreases. In professional xylophones, 
the lengths of the bars are constructed such 
that the sounds they produce fall into the 
pattern of a musical scale.

p.
09
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How to Make A 
Styrofoam Cello

Plunkety-plunk…Screech! Guitars, 
harps, veena, cellos and violins are all 
stringed instruments. They possess 
stretched strings which produce musical 
notes when they vibrate. Even the piano 
belongs to this group as each of its keys 
is connected to a stretched string which 
thrums when a key is pressed.

H
S

A sturdy cardboard tube (about 3 feet long), a 
styrofoam block, a small wooden block and a 
thick strong string (preferably a fi shing line).

Six
ca

1. 
– 4

Materials

M

M

Method
1. Make two small slits each in both ends of 
the tube, about an inch and a half away from 
each other.

2. Slide one end of the string into a slit. You 
can tie a knot to make sure it doesn’t slide 
out of the slit.

3. Keep the styrofoam box in the middle of 
the tube. Stretch the string over it and fi x it to 
the other end of the tube, but not too tightly.

4. Repeat steps two and three with another 
piece of string for the other two slits. Make 
this string slightly tighter or looser than the 
previous one.

5. Fix the small wooden block between 
the styrofoam and the strings. Slide the 
styrofoam and wooden blocks down the tube 
till the strings become absolutely tight.
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How to Make 
Straw Panpipes

Six plastic straws, scotch tape and a 
cardboard strip.

1. Cut the six straws to the following lengths 
– 4cm, 5cm, 6cm, 7cm, 8cm and 9cm.

2. Arrange them in increasing order of their 
length on the cardboard strip, while keeping 
them aligned at one end.

Materials

Method

to 
y.

 

e 

For the bow:
Take a fl exible piece of plastic and make a 
notch on both ends. Take a thin, strong string 
that is slightly shorter than the length of the 
plastic piece. Tie the string in the two notches 
and the contraption should take the shape 
of a bow. Use this bow to play your cello. As 
the bow brushes against the strings, they 
vibrate and produce music. The body of the 
instrument helps the sound resonate. 

Tweeeet! When we whistle, we blow out a steady 
stream of air. The vibrations in this air stream produce 
a musical sound. The same principle applies to sounds 
made by instruments like fl utes, harmonicas, trumpets, 
clarinets and panpipes.

4. When you blow air through the straws, 
you will hear a musical note. Air vibrating 
through straws of different lengths produces 
different notes..

Once you’ve made your 
instruments, invite your 
friends over and have a 
concert! Make a video of the 
performance, and email it to us 
at brainwave@ack-media.com.

In case your instrument refuses to make 
music, try making the string of your bow 
sticky by rubbing an eraser on it.

es

case y

3. Use scotch tape to fi x all the straws in 
place.

11
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Human babies are born 
with the ability to hear. 

Doctors test this ability by 
snapping their fi ngers at 
babies to check if they can 
turn towards the source 
of sound. But long before 
you and I were born and 
responded to snapping 
fi ngers, our ancestors often 
wondered – what is sound? 
Is there a difference between 
a lion’s roar, the chirping 
of birds and the melodious 
strains of a sitar?

Did you know that a baby 
can hear its mother’s 
muffl ed voice, heartbeat 
and breathing, even when 
it’s inside her womb? 
And did you also know 
that we can see babies 
before they are born, 
with a special type of 
sound called ultrasound? 
Ultrasound is produced 
when the air vibrates very 
fast, so fast that humans 
cannot hear it. Doctors 
use special machines 
to send ultrasound 
waves into an expecting 
mother’s tummy. From 
the refl ection of the 
ultrasound, doctors can 
literally see a baby’s bones, 
head, spine and internal 
organs before birth. 

Early thoughts   
on sound
Around 600BC, Pythagoras 
the Greek geometer noticed 
that when a string was 
plucked, it produced a sound. 
When the string stopped 
vibrating, the sound stopped 
as well. Over time, people 
realised that sound could be 
made not just with strings, 
but by smacking any two 
objects together, say rocks.

But a big piece of the puzzle 
remained undiscovered for 
another 250 years. And that’s 
the role that air plays in 
the world of sound. Around 
350BC, Aristotle deduced that 
a vibrating string was actually 
striking the air around it and 
making it move. He fi gured 
that this moving air pushed 

The Stuff of Sound
What is sound? How does it move? And what 

does a crashing comet sound like?  

THE
BASICS

the air around it a bit further, 
causing sound to travel. 
Aristotle went on to guess that 
without air, sound could not 
travel at all.

We now know that Aristotle’s 
theory is true. Sound cannot 
travel without a medium like 
air, a solid rod or water. Back 
in 1994, a comet slammed 
into Jupiter. Although the 
impact was huge, we didn’t 
hear a peep. Why? Because 
the vibrations from the impact 
could not travel through 
empty space and reach us on 
the Earth.

So far we know that sound 
is created by vibrations, and 
vibrations are in turn carried 
by a medium. But how do we 
hear sound? The vibrations 
reach our ear and make 
the ear drum vibrate. The 
vibration of the ear drum is 
interpreted by the brain as 
‘hearing sound’.

by Dr Utpal Chattopadhyay 

/ Curiouscity 

Music and echoes
When sound travels through 
the air in wave patterns, it 
produces very interesting 
results. If you blow through a 
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Pictoral depiction of sound travelling to an ear, from an 1878 edition 
of Popular Science.
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fl ute, different sound waves 
get jumbled up and you hear 
a cacophonic “hoosh”! But if 
you blow just right, a clear 
wave pattern is formed. 
When this happens, you 
hear a distinct musical note! 
Musicians can make just the 
right kind of waves and mix 
them up in just the right way 
so that we hear music.

Echoes are yet another 
fascinating feature of sound. 
You can hear them when you 
clap your hands in a large 
empty room or a cave. The 
sound waves from your clap 
spread out, hit a wall and 
bounce back. Like all waves, 
sound waves too get refl ected. 
The nature of the refl ected 
sound depends on the shape 
and material of the refl ecting 
surface. By studying refl ected 
sound waves, we can even 
create a visual picture of 
the object. This is how the 
location of the sunken ship, 
the Titanic, was found in the 
Atlantic Ocean..

The Maths of Music
One day, Pythagoras was walking 
past some blacksmiths at work.

He found a connection 
between the weights of the 
hammers and the musical 
notes they produced.

1kg

3kg

0.75kg

2kg

He watched, measured and calculated...

“But their work 
is logical”, he 
thought. “The 
melody must be 
mathematical too.”

by Aparna Kapur

He identifi ed the frequency 
for each note in an octave.

Using these numbers, 
he constructed a musical 
scale which could be used 
universally.

The Pythagorean 
Octave
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About 14.7 billion years ago, everything 
was eerily quiet, much like the calm 

before a storm. And then there was a big, big 
bang that sent out unimaginable amounts 
of heat, light and matter into space at mind-
mangling speeds. The result of that old, old 
explosion is what we call the Universe today.

Billions of years after, on an insignifi cant 
little blue planet tucked away in the middle 
of a spiral galaxy, an exceedingly brilliant 
number-juggler named Pythagoras and 
his band of philosopher-mathematicians 
came up with incredible theories about the 
connection between music and maths. One 
of their more catchy theories was described 
as ‘the music of the spheres’, in which 
extraordinary similarities were observed 
between the ratios of interplanetary 
distances and frequencies of notes on a 
musical scale. In simpler words, Pythagoras 
thought that the movement of planets 
produced music. This unlikely connection 
led to whole generations of scientists 
straining to hear cosmic music using hearing 
aids, badly tuned radio sets and telescopes 
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by Prabha Mallya
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dotted with pigeon droppings. Sometime 
in the early 1900s, Bell Labs came into 
existence, and gave the world that useful talk 
tool called the telephone. It then decided to 
use wireless radio technology to transmit 
telephone calls, instead of the kilometers of 
cables that tripped people up. 

One of its employees, a physicist named Karl 
Guthe Jansky, was asked to build a radio 
telescope that could catch radio waves from 
all directions and study likely sources of 
static interference. His early radio telescope 
caught signals from thunderstorms near and 
far as well as a faint, steady, hissing buzz that 
mystifi ed and irritated him. He speculated 
(wrongly) that the buzz came from the Sun.
 
His discovery was probed 40 years later, in 
1965, when two other employees of Bell Labs, 
Arno Penzias and Robert Woodrow Wilson, 
caught the same electromagnetic buzz on 
the radio telescope. The buzz consisted of 
long-wavelength invisible radiation called 
microwaves, widely believed to be left-over 
from the Big Bang. The omnipresent fuzzy 
buzzing noise called Cosmic Microwave 
Background Radiation (CMBR) is one of the 

most conclusive proofs that the Big Bang 
happened and that the Universe is not just a 
fi gment of its own imagination.

In fact, you can catch a snatch of cmbr 
on your own TV set. Tune into an empty 
channel and you will stumble onto a buzzing 
screen of black-and-white speckled noise. 
This happens because your TV is capable 
of tuning into CMBR and transforming it 
into sound and image when no meaningful 
signals from Cartoon Network can be 
detected. Other weird space sounds have 
been captured by spacecraft recording 
radio signals from other planets in the Solar 
System. These signals are converted into 
sound in much the same way your radio 
converts electromagnetic waves into sound 
that you can hear. Who would have imagined 
that solar wind in Jupiter’s atmosphere 
would make whistly bird-like sounds? Or 
that the plasma waves off Uranus provide the 
ideal background score to a horror fi lm?.

Sounds curious? Give these a listen!
Mysterious Jupiter: www.youtube.com/watch
?v=e3fqE01YYWs&feature=related
Spooky Saturn: www.youtube.com/watch?
v=9C6lymtHG60&feature=related
Desolate Uranus: www.youtube.com/
watch?v=80Ngl2RY8sA
Solitary Neptune: www.youtube.com/
watch?v=L2pGM2BFt34

Listen to Penzias and Wilson’s recording 
of CMBR: www.npr.org/player/v2/
mediaPlayer.html?action=1&t=1&islist=f
alse&id=4655517&m=4655559

15September 2011
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HEADS 
AND TAILS

On September 10, 1945, 
Clara Olsen decided 

to cook some chicken. Her 
husband Lloyd went to bring 
a chicken from the coop. He 
cut the chicken’s head off 
and waited for it to bleed out. 
Instead, Mike (as the odd 
chicken was later named) got 
up and staggered off towards 
his coop as if nothing had 
happened!

Using a dropper to feed Mike, 
Lloyd kept him alive. Puzzled 
at fi rst, scientists concluded 
that the axe had left the brain 
stem, one ear and the jugular 
vein (the large blood vessel 
that carries blood from the 
head) intact.
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A headless chicken is not a 
common thing and Mike soon 
became a tourist attraction of 
sorts. People paid to see him, 
he made a Guinness world 
record and also featured in 
Time and Life magazines.

For 18 months, Mike was a 
famous headless chicken. 
After his death, Mike became 
an institution. Songs have 
been written about him, his 
hometown Fruita (Colorado) 
celebrates an annual ‘Mike 
the Headless Chicken Day’, 
and even has his own website 
and fan following!

Farmers and butchers the 
world over have tried to 
replicate the spectacle, but 
no chicken has come close to 
surviving an execution for as 
long as Mike.

by Aparna Kapur
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Dr Vladimir Demikhov was 
an animal organ transplant
specialist. He performed 
heart and lung transplants 
on dogs and pioneered 
several surgical transplant 
procedures. What he is best 
remembered for though, 
is the head transplants he 
performed on canines.

In 1954, Dr Demikhov proudly 
unveiled his creation to 
the world — a two-headed 
dog. His victim was an adult 
German Shepherd, who now 
had the front half of a pup 
attached to his neck. People 
watched with astonishment 
as both heads drank from the 
milk bowls held up to them. 
The pup’s head couldn’t digest 
the milk, of course (what with 

Inspired by the work of 
Dr Demikhov, American 
neurosurgeon Robert White 
performed head transplants 
on monkeys.

His surgery involved 
transplanting the head of 
one monkey onto the body 
of another. Over several 
years, he performed this 
procedure repeatedly until he 
perfected the technique and 

Editor’s Note:
Brainwave does not 
endorse cruelty towards 
animals. In fact, we’re 
dead against it. However, 
we believe in reporting 
on all kinds of historic 
experiments, including 
the strange ones, in the 
objective spirit of science. 

the lack of a digestive system), 
and the milk travelled 
through its severed food pipe 
and trickled down the neck 
of the German Shepherd. 
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Through the course of his 
career, Demikhov created 
twenty two-headed dogs but 
none of them lived for more 
than a month.
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the transplanted head could 
survive indefi nitely.

The head could think, see, 
taste and smell like a regular 
head. But there was a catch. 
The head couldn’t control its 
new body, and the monkeys 
were left paralysed..
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My Childhood

“I was born in a very small and remote 
village in Kerala. All my memories are of 
playing, walking to school, narrating stories, 
running about in the rain, cutting plantain 
leaves and folding them up into makeshift 
umbrellas, trying to protect my books from 
the rain by tucking them into the band of 
my shorts. We used to run through the rain 
in zigzag patterns, because we thought we 
would be able to run between raindrops! 
I still remember the day I started reading 
books out loud. I was in my fourth or fi fth 
standard, I think. That was when I got rid of 
my fear of language. 

“My earliest memories of sound being used 
as a form of narration come from radio. 
When I heard sounds like those of a door 
opening or a car being started in radio plays, 

I understood for the fi rst time that sound 
could be used to advance a narrative.”

My Passion for Physics, and How I 
Found Cinema

“I never thought that I would get into a 
fi eld that involved using sound. It’s pretty 
strange, how things turned out. I wanted 
to be a physicist. I hoped to bring the 
Nobel Prize to India. I wanted to specialise 
in superconductivity. I was so much into 
optics and nuclear physics, then I went 
into astrophysics. The reality I faced when 
I fi nished my BSc in physics was that there 
were so few seats available for the Masters 
programs in that fi eld. I couldn’t study my 
physics, and I had nothing else to do. I 
had just enrolled in a law program as an 
alternative professional course, when I saw 
an advertisement for a course called Sound 
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In 2009, Resul Pookutty became the 
fi rst Indian sound designer to win an 
Oscar, for his work on Danny Boyle’s 

Slumdog Millionaire. Since then, he has 
been awarded a Padma Shri and a National 
Award. When we went to meet him at his 
Mumbai studio, Resul showed no outward 
signs of all this acclaim. He had had a long 
day of wading through red tape at the visa 
offi ce, and he was visibly exhausted. It was 
9pm on a Ramzan night, and he was yet to 
break his fast. Brushing our concerns aside, 
he sat us down and spoke to us for a fantastic 
two hours about his life, his struggles and 
the art of creating soundscapes. Here’s a peek 
into that conversation.
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Engineering at the Film and Television 
Institute of India (FTII). A graduation 
in physics or electronics was the basic 
requirement for the course. I thought this 
would allow me to continue my physics. So I 
applied to FTII.

“Unfortunately, I didn’t get through on my 
fi rst attempt. So I came back. But when I 
went to the Film Institute (which has an 
all-India entrance test), they made me stay 
there for a week and showed me fi lms. Based 
on these screenings, there was a written 
aptitude test, which then led to discussions 
and interviews. In that orientation course, I 
realised that cinema was my medium. That 
year, back home, I joined three fi lm societies, 
watched fi lms every day, read about cinema 
and lived in the world of cinema.

“So the second time I applied to FTII, I got 
through with the fi rst rank. And because I 
topped the rankings, I got a scholarship of Rs. 
300 from the State government and Rs. 500 
from the Central government. 800 rupees in 
all. That was the only money I had to study. “

My Early Struggles

“In my life, there have been two kinds of 
struggle. 

“I never studied in the English medium, so 
I could never communicate in English. That 
was my biggest problem. I had to overcome 
this language barrier, so I struggled for a 
year, giving myself a very heavy timetable. 
At 8am, the library at FTII would open. From 
8 to 8.45am, I would go and read magazines 
and books to better my language. After 
months, the librarian started coming half 
an hour early just to accommodate me. Like 
that, I went on for one year. I had marked off 
some days to study literature, some days for 
magazines, and so on. I kept a timetable and 
started studying language.
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The Science of Sound

“I use sound as an act of storytelling. In 
fi lms, I’m actually manipulating your 
emotions by keeping certain sounds and 
by not keeping certain other sounds, by 
giving you certain illusions about a space. 
As a sound man, I’m the most cunning guy 
in fi lmmaking, because I am the one who 
is actually playing with your emotions 
without your knowledge. You see a night, 
and feel that night, when I have taken the 
decision to make you feel that way: let’s 
put that particular night sound, let’s put 
that horn sound, let’s put that train sound 
so that you feel a particular way. I’m 
constantly leading you from one feeling 
to another by positioning sound a certain 
way, by changing loudness to refl ect 
depth, distance -- whether a sound is far 
away or near -- creating compositions by 
playing with loudness and frequencies. If 
I were to use science terms, I would call it 
playing with dynamics and the frequency 
spectrum within your hearing range.”
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“After my course I came to Bombay. I had 
to fi nd my way around an industry where 
trained people weren’t required. So my 
second struggle was to fi nd my own way 
within this industry. I had studied how to 
construct ideas with sound. That, though, 
wasn’t what Bollywood was all about. So my 
task was to re-sensitize this whole industry 
towards what I believed was good and bad. 

“These are the two struggles that I went 
through, and I think I’ve succeeded in 
overcoming both of them.”

How I Taught Bollywood to Stop 
Dubbing and Learn to Love Sync 
Sound

“When I studied at fi lm school, the thing 
that bothered me was this: why was the 
experience of watching Hollywood or 
European cinema so natural? See, it was 
because they were using live sound. In India, 
we took the easiest way out. We would shoot 
on location, come back and replace the 
captured sound with new sounds that were 
recorded in the studio. In the industry, we call 
it ADR, or Automatic Dialogue Replacement. 
Or dubbing, as the process is popularly 
known.

“When you are dubbing a movie, you’re 
actually making your actor mime his scenes. 
But the emotions that you created six 
months ago when you shot the fi lm can’t be 
re-enacted in a sound studio. You have to lip-
sync your dialogue exactly. So what the actor 
does in the sound studio usually ends up 
being a technically good lip-sync, where the 
emotions are not genuine.

“When I entered the industry in the 90s, 
maybe two percent of the fi lms being 
produced then were being shot live. So I was 
one of the early proponents of live sound. I 
convinced a lot of people to do it. The only 
way to do this is to make a successful venture 

and get others to follow your example. 
When Black was released, people sat up and 
noticed. It said to people that doing good 
sound could also bring in good production 
value. Till then production value meant 
good sets and camerawork and locations and 
costumes and good-looking actors.

“Today, you’re sitting in a place that only 
does sound design work. Like a cameraman 
who is responsible for the visual aspect of a 
movie, you now have a dedicated sound man 
who is responsible for everything that you 
hear in a movie, which wasn’t there before.”

The First Library of Indian Sounds

“In the institute, when one made a movie, 
one often wanted sounds that weren’t 
available. So one looked for sound libraries. 
The libraries that were available then were 
either from Hollywood or the BBC, or other 
such western sound libraries. But when 
I’m working on a fi lm set in Bombay, for 
example, it doesn’t make sense for me to 
use London traffi c sounds. I need Bombay 
sounds. That’s why I started recording a 
collection of Indian sounds.

“This library mainly contains sounds that 
I could use in television or fi lm or radio. 
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“I’m in love with the 
sound of water! I use 
it in some form or 
other as a metaphor 
in my fi lms.”
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So it has a set of Indian religious sounds, 
for instance. Only when I started recording 
these did I realise the extent of what I had 
to do. Hindu traditional sounds change from 
one traffi c junction to the next. From Poona 
to Bombay alone, I’ve recorded hours and 
hours of traditional sounds. There is so much 
sound around us! Our entire culture and 
knowledge base is rooted in sound. Yet we 
Indians are the worst listeners in the world.

“Take, for example, the sounds of villages. 
The sound of a bullock cart. A person who 
is born in a metropolitan city today -- has 
he ever heard a bullock cart? No! Has he 
ever heard the sound of water being pulled 
out a well? No! These are the sounds that 
are dying.

“Sound gives you a huge amount of 
anthropological information. If I want to 
make an audience feel that it’s midnight, I 

(As told to Vinayak Varma) 
To see the full interview, go to www.bwmag.in

just need to use a sound. If I want to make 
the audience feel that this house is close to 
a highway, I can use a long-hauling truck’s 
sound. Penana-penana-penana-penana! 
It immediately situates that space. Sound 
can say a lot about spaces, culture, time... 
everything has a sound to it. There is so 
much cultural information in sound, that if 
you get into it, it’s huge.”

Is There a Quintessential Indian 
Sound?

“I’ve been asked this many times while doing 
fi lms. Suppose a fi lm is set in summer, how 
do you show summer? I ask this because 
every season has a sound. Every seasonal 
morning has its own sound. And it changes 
from place to place!”.

How to be a Sound Designer

“It’s all about listening. Let’s say you’re at VT 
Station in Mumbai. There are trains coming 
and going, there’s traffi c outside, there are 
buses and cars moving, there are vendors, 
and aeroplanes fl ying overhead, there’s a 
beach nearby. There’s this entire spectrum 
of sounds around you. From that, what do 
you want to listen to? You have to narrow it 
down. And then you need to understand how 
you are listening to that sound. Does it sound 
far away from you, or does it sound close 
to you? When the sound is close to you, you 
only hear certain frequencies. When it’s far 
away, you hear another set of frequencies. 
This way, the act of listening becomes a 
science. You try to play with that. So when 
you show an audience something, you are 
creating a world for them – your world, 
what you have listened to. The moment you 
put a sound alongside a visual, that image 
becomes tangible and gains defi nition, it gets 

life, it has a beginning and an end. A visual is 
space. Sound is time. So you’re putting time 
to a space. 

“Anybody who wants to become another 
Resul Pookutty must study an art form, 
its traditions, its history, its culture and 
everything about it. Just learning how to 
record sound or how to operate the software 
does not make you a sound designer. You 
have to be an artist fi rst. You have to use 
your sound recorder or your camera the 
way an artist or a sculptor uses a brush or a 
chisel. You need to fi rst study cinema as an 
art, and then sound as a craft. Don’t follow 
X, Y and Z institutions that promise that you 
can become someone like me. Don’t follow 
anybody else’s path. Make your own path. 
You already have me, so you don’t have to 
become another me. You have to be you, so 
that a magazine like Brainwave will some 
day come and ask you how you got to where 
you are!”
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CROSS
SECTION

ACROSS 
1. Greek letter that represents wavelength (6)
4. A common three-pin connector used to hook up 
audio devices (3)
5. “Mary had a little ____” : children’s song (4)
7. A piece of music written for two performers (3)
8. Infrasound waves have very ___ frequencies (3)
9. ____ Digital: surround sound for cinema (5)
10. Lever on a musical instrument which when 
pressed produces a note (3) 
12. Root Mean Square, abbr. represents amplifi er 
power (3) 
14. Industry standard for digitally synthesised 
music (4) 
15. The standard unit of electrical resistance (3) 
16. Music performed in a fast tempo (6) Send us your completed crosswords and 

give us your feedback! Write to 
brainwave@ack-media.com. 

by Veena Prasad

DOWN
1. Of high decibel level (4)
2. A tune (6)
3. Singing voice lower in pitch than a soprano (4)
6. A ____second is 1/1000ths of a second (5)
8. The words in a song (6)
11. Sound refl ecting off a surface causes this (4)
13. Musical piece played by a single performer (4)

1 2 3

4

5 6

7 8

9

10 11 12 13

14

15

16

Hear it is!
D

E

M

22

Brainwave 10 somesh.indd   24Brainwave 10 somesh.indd   24 8/18/2011   3:07:39 PM8/18/2011   3:07:39 PM



September 2011

d 

)

4)

September 2011 23

EPISODE 5: THE MESSAGE
SCRIPT BY SHALINI SRINIVASAN \ ARTWORK BY RAJIV EIPE
BASED ON A NOVEL OF THE SAME NAME BY DR JAYANT NARLIKAR

B\W COMICS PRESENTS
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To be continued ...
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Anu and Amin waved until they couldn’t 
see the airplane anymore.

“When will he visit?” the twins chorused.
“Next year,” replied Amma.
The twins’ brother Aanand had left 
Bengaluru to study in New York. Though he 
was ten years older than them, they would 
miss him terribly.
“How far is New York?” asked Anu.
“About 13,400 kilometres,” replied Amma.
Stepping out of the airport, they saw a fl ock 
of birds up in the sky.
“If I were a bird, I would fl y and visit him,” 
announced Amin.
“And would the human-bird know the 
route?” asked Amma.
“We would fi nd the shortest path,” said Anu.

As soon as they got home, Anu brought her 
globe down. She looked up Bengaluru and 
New York. Then, she placed a scale between 
the two places … well, she tried.
“Need a bendy scale!” she exclaimed.
“How about a piece of thread?” suggested 
Amma. 
Anu held a piece of thread taut between 
Bengaluru and New York City.

“We need to fl y over Pakistan, Afghanistan, 
Kazakhsthan, Russia, Sweden, Norway, the 
Atlantic Ocean and Canada to reach New 
York and Aanand,” rattled off Anu.
“So when are the human-birds fl ying out?” 
teased Amma.

Meanwhile, Amin opened the world map in 
his atlas. He drew the shortest path between 

Bengaluru (BLR) and New York City (NYC), 
like the straight line in the map below.

“We need to cross the Arabian Sea, Saudi 
Arabia, Egypt, Libya, Algeria, Morocco and 
the Atlantic Ocean to reach New York. That’s 
strange, Amma. This list of countries is 
different from the ones Anu read out. How 
can that be?” Amin asked.

“Anu, repeat the names of countries from 
your path on the globe. Amin, trace a path 
through them on the fl at map.” This path 
looked like the dotted line in the pic.

“It’s longer than the path I had drawn!”
“Yes. But in reality, the thread on the globe 
did trace the shortest path.”
“But Amma, globes are diffi cult to carry 
around!”
“Yes, Amin, that’s why we use fl at maps. 
Imagine peeling off the globe’s top-layer and 
patting it fl at.”
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by Radha HS

A Map Ride 

across the World

SHOE
BOX
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If the arc which represents the 
shortest distance between BLR and 
NYC on the globe is continued in 
both directions, it eventually meets, 
forming a Great Circle. If the globe is 
cut along the Great Circle, it will fall 
apart in two hemispheres.

Every Great Circle has the same 
length, which is the circumference 
of the Earth. The shortest distance 
between any two places always lies on 
a Great Circle. Also think about this: 
are latitudes and longitudes Great 
Circles?

Try mapping the shortest distances 
between any two places at this link:
www.gcmap.com/mapui

 

’s 

d 

“I have tried the reverse – wrapping a 
rectangular piece of paper about a round 
chocolate – and it got wrinkly,” Amin replied.
 
“A peeled off globe cannot be patted fl at 
without tears and wrinkles. That’s why a 
single map cannot represent all the Earth’s 
features. Different projections are used to 
represent various features of the Earth on 
fl at maps,” explained Amma.
“Projections?”
“Yes Anu, mathematical procedures to 
transform data from curved to fl at surfaces.”
“We need a map which will help us fi nd the 
shortest route between places,” said Amin.
“That would be a Great Circles map used by 
airplane pilots,” replied Amma.
“What if we wanted to get around New York 
City?” Anu quipped.
“Then you would need a city map. The 
Great Circles map would have distorted the 
information that you require to get around a 
city.”
 
“Are maps used by weather scientists 
different from a pilot’s map?” asked Amin.
“Yes. Map-makers or cartographers fi gure 
out the best projection to represent specifi c 
information from the spherical globe onto 
fl at paper.”
“Let’s fi nd out a little more about maps 
before we fl y off!” Anu and Amin chorused.. 
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Try This!
You will need a globe, an orange/mosambi, 
a marker and a knife. Use the marker to 
roughly draw the outline of continents on 
the fruit, using the globe as reference. Cut 
the fruit into four quarters. Get the peel off 
carefully. Now assemble the four pieces on 
a fl at surface and try to pat them fl at. You’ll 
understand a cartographer’s problem!
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352Hz 426Hz338Hz 478Hz

What are these mysterious patterns and numbers? The fi rst three readers who can explain to 
us what this graphic means will win prizes! Send your theories to brainwave@ack-media.com.

(Pssssst! Here’s an earnest hint: Does the shape shown above remind you of a popular musical instrument?)
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One in two thousand of you 
reading this, statistically 
possesses a bonus sense. 
Those with this bonus sense 
may see colours when they 
hear sounds, others might 
feel the sensation of being 
tickled when they hear 
guitar music, some others 
can see letters and numbers 
in different colours and 
still others might see the 

months of a year as cars 
on a ferris wheel. 
This extraordinary 
sensory condition is 
called ‘synaesthesia’ 

(pronounced sin-
uhs-thee-zuh) – a 
neurologically rare 
condition where two 

or more senses are 
connected. Normally, 

we experience our fi ve 
senses separately, but 
synaesthesia causes 

two or more senses to be 
felt together. Tastes, smells, 
shapes and sounds can collide 
in incredible combinations 
and merge in a thousand 
different ways.

These sensations are 
automatic and cannot be 
turned on or off. While all 
this may sound bizarre to 
those of us who don’t taste 
shapes or see voices in 
colours, synaesthetes think of 
their perceptions as normal. 
Synaesthesia is not a disease 
and neither is it harmful in 
any way. In fact, synaesthetes 
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cannot imagine life without 
their bonus sense and feel 
lucky to have it. To have this 
extra sense taken away would 
make them feel deprived.

Everyone with synaesthesia 
experiences it differently, 
even if they have the same 
form of it. A common form 
of synaesthesia is coloured 
hearing: sounds, music or 
voices are seen as colours. 
Most synaesthetes report 
that they see such sounds 
internally, or in “the mind’s 
eye”.  Another common form 
of synaesthesia is associating 
letters and numbers with 
colours. Synaesthetes also see 
letters and numbers in terms 
of colour. The letter ‘O’ could 
be orange, the number ‘3’ 
green and the letter ‘7’ could 
be a man with a moustache.

The exact cause of 
synaesthesia is still unknown 
but according to one theory, it 
is genetically determined and 
occurs when there are more 
than the normal number of 
neural connections in the 
brain. This leads to excessive 
communication between 
different sensory areas and an 
overlapping of sensations..
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SECRET 
SENSE

by Dr Jandeep Banga 
/ Curiouscity

Have you ever tasted 

a triangle or seen 

laughter as a colour? 

Welcome to the world 

of synaesthesia!

Are you synaesthetic? If 
you are, we would love to 
hear from you! Email us 
about your experiences at 
brainwave@ack-media.com.

LIFE
SCIENCE
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Bird Vocals
The beautiful song of birds is one of the most 
captivating melodies. You can’t help but 
wonder what they are saying and to whom. 
Scientists have long been studying the 
function and structure of birdsong, working 
mainly by ear, until the sound spectrograph 
was invented in the 1950s. After this event, 
the science of birdsong was born. Most 
research points to two main reasons why 
birds sing – to send “keep out” auditory 
signals to rivals and to attract mates. But 
there are other functions for vocalisation as 
well. These include:

Roosting calls: Knowing that there is safety 
in numbers, birds call out to a fl ock when 
they locate a safe place to roost for the 
night. This is usually a common sight in the 
evenings – you may have noticed a tree full 
of birds (usually sparrows or starlings in 
cities) creating a din. 

Calling others to food:  When abundant 
sources of food are found, birds call out to 
other birds to share the bounty.

Aggressive calls: Birds vocalise when they 
engage each other in combat either for 
territory or for a mate.
 

Decoding the Weird and Amazing 

Sounds Animals Make

The Echo Quartet
The four groups of animals that use 
echolocation are:

Cetaceans (Dolphins and Toothed 
Whales): Dolphins were used during the 
Gulf War, in spite of protests, to sweep 
seafl oors for mines in Iraq.

Bats: The idea of sonar and radar 
navigation for the military was developed 
by studying bat echolocation.

Shrews: Almost blind, some shrews use 
echolocation to pinpoint food.

Birds (Swiftlets and Oil Birds): These 
avians have become adept at fl ying in 
almost pitch dark conditions to fi nd places 
to roost.

CALL OF
THE WILD

by Nithila Baskaran

KINGDOM
ANIMALIA
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Echo Talk
The human ear is tuned to hear only a 
limited range of frequencies. We cannot hear 
frequencies above 20kHz or ultrasonic waves 
as they are called. We do however use them 
in technologies such as sonograms, surgical 
tools and sonar systems. Interestingly, 
there are four groups of animals (see box, 
opposite page) which use biological sonar for 
navigation and hunting. This biosonar is also 
called ‘echolocation’.

To understand how echolocation works, 
imagine you are standing in an empty room 
with a bare wall in front of you and you clap. 
An instant later, you will hear the sound or 
echo come back at you. The sound wave you 
produced from clapping travelled across the 
room, defl ected off the wall and headed back 
to you.

Now if you were a dolphin or a whale and 
spent much of your time swimming in the 
dark waters of the ocean, your eyes would 
not be of much use. Instead, dolphins and 
toothed whales use echolocation where their 
eyes fail. They produce a series of high-
pitched clicks and use returning echoes to 

All photos by the author

Above: An iora sings; Below: A travelling 
pod of dolphins
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form a mental image of the object ahead. 
Not only can dolphins detect obstacles and 
prey with biosonar, they can even tell how 
big they are and in what direction they are 
moving.

Deep Sea Acoustics
The blue whale has been recorded to make 
the loudest sound by any animal measured 
at about 188 decibels! In comparison, the 
noise of a jet taking off is 120 decibels. Being 
solitary creatures often with young calves 
in tow, blue whales swim many kilometres 
apart from each other. The deep vibrations 
produced from the sounds of the blue whale 
can travel hundreds of kilometres to reach 
other blue whales.

Scientists at Cornell University studied the 
effects of noise pollution on blue whales. 
They found that these marine mammals are 
only able to hear across 160km compared 
with the 1600km acoustic range they had 
in 1940. So while the courtship songs of the 
blue whale are one of the most powerful 
sounds in the ocean, noise pollution could 
well be drowning out their search.

Seismic Calls
Like whales, elephants too use low-pitched 
or infrasonic (not audible to the human ear) 
rumbles to communicate over long distances. 

In the late 1990s, Dr Caitlin O’Connell-
Rodwell came up with the theory that low-
frequency vocalisations cause powerful 
vibrations in the ground which elephants 
can feel through their trunks and feet. This 
is called seismic communication. Her theory 
was met with skepticism until 2004, when 
trained elephants in Thailand fl ed for higher 
ground just before the tsunami struck. The 
elephants probably sensed the low-frequency 
waves generated by the tsunami long before 
it hit the shores..

Did You Know…
…That shrimps snap and elephants 
croak?
Elephants use over 70 kinds of 
vocalisations ranging from trumpet sounds 
to chirps, snorts, croaks and barks. These 
convey disagreement, love and strategy.

The tiger pistol shrimp, a kind of 
snapping shrimp, is one of the loudest 
creatures in the world. By snapping its 
specialised claw shut, it creates cavity 
bubbles.  These bubbles can generate 
sounds loud enough to stun and kill small 
fi sh. The “snap crackle and pop” from 
colonies of snapping shrimps are also loud 
enough to interfere with sonar systems. 
Submarines use them to go undetected.

A herd of elephants relaxes at a water body

36

Br

so

by

Th
co
an
hu

In 
so
sp
ba
thi

by 

As
an

by

1. 
y

htt

by

SO

G

Brainwave 10 somesh.indd   38Brainwave 10 somesh.indd   38 8/18/2011   3:08:12 PM8/18/2011   3:08:12 PM



September 2011

y 

er 

cy 
e 

ds 
 

l 

d 

37

Bringing you the ultimate list of FREE 

sound-based games!

by Chaitanya Krishnan

The featured games can be played on any 
computer with a browser, a net connection 
and speakers, and at least one functioning 
human ear.

So what are you waiting for? Go clean your 
ears and start playing these games. Test your 
‘hand-ear’ coordination for a change!.

In this simple yet beautiful looking (and 
sounding) game, your goal is to get the 
sparkling cascade of sound to hit horizontal 
bars and fill them up. Once you accomplish 
this, you get sent to the next level.

This game is special because it lets you load 
a song (mp3 file) of your choice from your 
computer! The gameplay involves collecting 
miscellaneous items by jumping on vertical 
bars. Avoid the Red Bombs and collect the 
Crowns that appear ever so often. The game 
is done when the music runs out. 

This is a rhythm game where you have to 
press the keys in sync with the beats. With a 
haunted mood and dark characters, the 
game is set around a person stuck in the 
afterlife trying to avoid the bad guys. In 
later levels, you also get to control a wicked 
looking crow.

by Dain Saint and William Stallwood

by CCCPlay

As you progress, the levels get more difficult 
and spectacular at the same time.

lliamby Dain Saint and Wilaint

1. Auditorium
y

http://www.playauditorium.com

by CCCPlay

2. The Sound Walk
y y

http://t.co/RXz6XkU

by Karma Teamby Karma Team

3. Pixel White
y

http://flashfang.com/game/0xffffff

Krishnanby Chaitanya Ch

SOUND-BASED

GAMES
t of FREE
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The contest in Issue 8 of Brainwave invited 
you to describe your personal imaginary 
robot. The winning entries were sent in by 
Arya Rajnikanth from Coimbatore and Srijal 
Poojary from Mumbai. Congratulations. Each 
of you wins an amazing astroscope! To see 
the winning entries, visit www.bwmag.in.

Recommendations (if you want 
to know more about sound but 
don’t know where to look):

My Science Book of Sound 
by Neil Ardley
ISBN: 978-0863185892 | Publisher: Dorling Kindersley 
Publishers Ltd
Through several activities, puzzles and do-
it-yourself projects, this book will help you 
explore and discover the scientifi c ideas 
behind sound.

SOLUTIONS
AND WINNERS

Solution to Cross Section, 
Issue 8: “An Unbalanced Equation”

TED Talks:
http://www.ted.com/talks/lang/eng/peter_
tyack_the_intriguing_sound_of_marine_
mammals.html
Explore the way whales communicate 
as Peter Tyack dives into the world of 
underwater sound.

http://www.ted.com/talks/lang/eng/julian_
treasure_shh_sound_health_in_8_steps.html
In eight steps, Julian Treasure tells you how 
to remain happy in a noisy world.

http://www.ted.com/talks/lang/eng/evan_
grant_cymatics.html
In a fascinating demonstration, Evan Grant 
shows how soundwaves become visible.

Listen to the song of the Earth, recorded 
by NASA. http://www.youtube.com/
watch?v=YGwr2N502QA

38

Chordbot Lite / Pro
A mobile songwriting tool + electronic 
accompanist, allowing you to compose 
harmonies, set them to rhythms and 
arrange them for different instruments 
with great ease. Send us your awesome 
Chordbot compositions – we’ll feature the 
best ones on the Brainwave website!
Developer: Contrasonic
Platform: iPhone/iOS/Android
Find it at www.chordbot.com or the app 
manager on your touch device

Plasma Sound / Plasma Sound HD
A theramin-like music app that sounds 
straight out of an old sci-fi  B-movie! 
Pretend you’re hurtling through space, 
battling aliens, as you hold down multiple 
keys on Plasma Sound and make strange 
Star Trekky weeeee-ooooo-eeee noises!
Developer: RJ & Metro
Platform: Android
Find it on the Android Market
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p04 Potential energy: stored energy 
because of the position of an object

Kinetic energy: energy of an object in 
motion

p07 Frequency: the number of vibrations 
per unit of time that measures the rate of 
occurrence

p09 Pitch: the measure of the frequency 
of a musical note

p11 Resonate: to cause a vibration in an 
object via contact with a vibrating object of 
the same frequency

p12 Ear drum: a thin membrane stretched 
over the outer ear that, in the presence of 
sound, produces vibrations that pass on to 
the middle ear

p13 Octave: the interval between a 
frequency and its double

Musical scale: musical notes of increasing 
pitch at regular intervals

p15 Plasma: a state of matter consisting of 
electrically charged gas

p16 Brain stem: the part of the brain that 
connects the brain to the spinal cord and 
controls basic functions like heartbeat and 
breathing

p17 Organ transplant: surgery in which 
an organ is moved from one body to another

Paralysed: unable to move

p31 Neural connections: connections 
between neurons via which messages are 
transmitted in the brain

Sensory areas: the parts in the brain that 
perceive and respond to sensations

p34 Sound spectrograph: an instrument 
for analyzing sound into its frequency 
components

Auditory: relating to hearing or ears

p35 Sonogram: an image obtained by an 
ultrasound echo

Sonar: the use of sound waves to locate 
underwater objects or the depth of water

p36 Decibel: a unit of power that 
measures loudness or intensity of sound

Acoustic: relating to sound or the sense of 
hearing

NOTES
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Guidelines: Your soundscape can contain 
atmospheric sounds, music, dialogue or 
anything else that you think would make 
the visual above come alive. You can record 
it with any equipment. If you want to edit 
the sound you’ve captured, search online 
for ‘Audacity’, which is a great free sound-
mixing software that will also help you 
export your sound fi le as an mp3. (Read our 
interview of Resul Pookutty on page 18 for 
more great tips on capturing sound.)

Rules: Send us only mp3 fi les. The duration 
of your sound clip should be under 3 minutes, 
and the size of each fi le should not exceed 5mb. 
Each entrant can send us up to a maximum of 
3 entries. Upload your fi les at www.bwmag.in/
soundscape. This contest is only open to Indian 
citizens under 17 years of age. Last date for 
entries is October 2nd. 

Design a soundscape for the 
image above!

One lucky winner will win a big, big secret 
surprise prize! Two runners-up will win 
Brainwave T-shirts and audio books from 
Karadi Tales!
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Are YOU the next big 

Indian sound designer?

A visual is space. Sound is time.

What is this man 

listening to?
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Dear Reader,

Googling it will fi nd you this old defi nition 
that ‘nerds’ are living curiosities whose IQs 

exceed their body weight. That they do all their heavy 
lifting with their brains. That they live in a world of 
gadgets and programs and fantasy fi ction, and that 
sunlight and fresh air could cure the poor nerds if we 
could only prise them from the vampiric hardware 
dungeons and RPG worlds that suck all the colour 
from their complexions and the meat from their bones. 
Time it was when being a nerd was super weird, way 
uncool, and altogether something special.

No longer. Nowadays, everyone’s a gigantic nerd, 
even if she doesn’t know it. Because the nerd is the 
new cool, and the old school is the new nerd. Blame 
the internet, for having passed stage 2.0 and cross-
wired all our lives into a tangled, jumbled mess of 
screens, connections and tweet-happy, link-lobbing 
web-head legions. What was once a dialled-up, 
text-heavy, painfully slow haven for geekzillas is 
now a global distraction, a glorious multi-layered 
omnipresent high-speed technicolour wonderland. 
It’s a nerd-making matrix, and we’re all trapped in it 
(and here’s where to wake up and smell the heavily-
photoshopped roses, buddy).

In this issue of Brainwave, we viddy the Internet’s 
many wonders, its dangers, and some of the people 
responsible for both. For thrill-seekers, this issue 
also contains assorted weapons, conical fl asks full of 
slime, several exceedingly horrible smells and a wild 
animal or three. Don’t say I didn’t warn you!

   Scientifi cally,
 Vinayak
 vinayak.varma@ack-media.com

The Nerdsmith

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd 
Floor, 6th Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati 
Bapat Marg, Lower Parel, Mumbai - 400013

Copyright © 2011, 

Brainwave Magazine.

All rights reserved.

Cover artwork by 

Sunando C

Printed at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji 
Konddeo Cross Road, Between Sussex and Retiwala Industrial Estates, 
Byculla East, Mumbai - 400027. 
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You will need: 
Two mirror strips.An empty cardboard pencil box, with the fl aps at both ends cut off. 
Scotch tape.Scissors 

Peeping Periscope

1. Cut the top layer of one 
end of a carboard box. Make 
the cut at a distance of 3cm 
and fold it at a right angle to 
the main body. Now, cut the 
bottom layer (at a distance of 
3cm) of the other end of the 
box and fold it at a right angle 
as well. 

To make the periscope:
2. Secure both the fl aps using 
scotch tape.

3. Place two mirror strips, 
facing inwards, at the right 
angles. Use scotch tape to 
keep the strips in place.

Explore the environment 
with your periscope. Play 
around with it. For example, 
try sitting under a table and 
looking at the view above 
by peering through the 
periscope..

by Arvind Gupta 

(www.arvindguptatoys.com) 
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Try This!
Here’s a game you can play using periscopes. Tell 
all your friends to bring their periscopes and start a 
thrilling game of Submarine Attack. Each of you takes 
on the role of a submarine. The aim of the game is 
to locate and catch your friends. The rule: you may 
only look through your periscope. The last submarine 
standing is the ultimate conqueror!
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ASK US
WHY

by Dr Srinath Perur

Tanvi Nayaken says, “I 
am curious about life on 
other planets. Do aliens 
really exist and are they 
among us?”

Our universe is so vast, and it contains 
so many galaxies, stars, solar systems 

and planets, that it seems possible that life 
exists somewhere out there. But fi rst, let’s 
get to the bottom of what we mean by ‘life’. 
We say a thing has life if it has metabolism 
(a set of chemical processes that take place 
in organisms to support life), and if it grows, 
reproduces and responds to changes in its 
environment. 

By this yardstick, the Earth has a dazzling 
variety of life, from tiny single-celled 
organisms visible only under a microscope 
to humans who shape their world, venture 
into outer space and wonder if aliens exist. 
When we speak of aliens or ‘intelligent life’, 
however, we are referring to the kind of life 
that can visit us or communicate with us 
from outside our own planet.

Films and comic books have long shown 
aliens as being vaguely like humans: half 
or twice our size with eyes that glow, skin 

that is metallic or scaly, blue/green in 
colour, and so on. But there’s no reason to 
assume that any life forms from outer space 
should remotely resemble us or be able to 
communicate with us meaningfully. The 
universe is vast and has been around for 
a long time. Even if aliens were to exist, 
there’s a good chance we’d miss each other.

So far we have found no evidence of any life 
outside the Earth, but we’re still looking. If 
we do fi nd something, it is far more likely 
to be a microorganism of some sort rather 
than a humanoid with a laser gun. Almost 
all reports of alien spacecrafts sighted 
have turned out to be hoaxes or have had 
reasonable earthly explanations. So it is very 
unlikely that there are aliens among us.

However, one theory proposes that some of 
the building blocks from which life evolved 
on Earth came from outer space. If that turns 
out to be true, we might just have to consider 
ourselves aliens!.

Is There 
Anybody 
Out 
There?

October 2011 05
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In which we hurtle 

through cyberspace 

and get tangled 

in a web of virtual 

adventures
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Playing 
Tag
From carving messages on cave walls to 
typing out messages on Facebook walls, 
human beings have always felt compelled 
to connect with each other. We decode the 
past, the present and the future of social 
networking

Believe it or not, social networking existed 
before Facebook. Humans have always 
been social creatures. This means that 
they basically like getting to know one 
another. Websites like Facebook may have 
revolutionised the way we network, but the 
concept is an old one.
 
Early humankind didn’t really have to worry 
about social networks, though, because life 
expectancy was rather low. However, this 
also meant that human tribes had to be 
smart and stick together to survive. But the 
defi nition of ‘being social’ was somewhat 
different in the old days. People tolerated 
a lot of rudeness and everyday niceties 
were rare. So it was pretty common to take 
someone’s food without permission or kill 
an opponent without trying to talk it out 
fi rst. Also, speech hadn’t developed properly, 
adding to the social woes of early humans. 

by Varun Rajiv

Pre-Facebook Era

 
As the centuries rolled by, people evolved, 
and so did society. Now there were more 
people who wanted to meet other people. 
But the world had no means of cheap, 
widespread, instant communication – the 
invention of the telephone by Alexander 
Graham Bell in 1876 was a major landmark 
in this regard. But before telephones, mobile 
phones and the internet were invented, 
people had to compulsorily meet each other 
to communicate instantly.
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Everyone Loves 
Facebook!

Samuel Morse

Dr Martin Cooper

My wife was dead by the time I got the news that she was ill. 
There’s got to be a quicker way to communicate!

Hold on dude! My team at Motorola’s working on it.
10 minutes later . Like

Like . Comment . 64 years ago

Alexander Graham Bell likes this

October 2011 07
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Darling... Are you 
having a good time?

Ya, just trying to fi t 
it in 140 characters.

 
But the rules of networking have changed 
since. In the last few decades, the internet 
has taken the way we communicate with 
each other to a whole new level. Now social 
networks aren’t confi ned to just who you 
know and who they know – your ‘net’ can be 
cast as wide as the world.
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You’ve Got Snail Mail!  
Time isn’t always a factor in social 
networking – there is no need to 
be ‘instant’. Letter writing was the 
dominant form of social communication 
for a long time. One very popular 
pastime was having a ‘pen pal’. People 
across oceans who knew nothing about 
each other would write to each other. 
Most of them never met, but formed 
close bonds due to shared interests. 
Keep in mind though, what all parents 
would say – “don’t talk to strangers”!

Age of Instant Connection

Fu

 
Social communication in the present is 
instant and the fl ow of information extremely 
rapid. Social barriers have fallen, as the 
relative distance of being a ‘Facebook’ or 
online friend (rather than a real-world 
friend) makes people less wary about who 
they allow into their social circle. You might 
think twice about writing a letter, calling or 
even emailing someone you barely know, 
but ‘like’-ing a picture of an acquaintance 
on Facebook is something you’d probably 
be comfortable doing. In the world of online 
networking, it doesn’t matter how good your 

 
The way people socialised and who they 
hung out with was also different from how 
things stand today. Society cared less about 
common activities and interests, and more 
about social standing – so kings mingled 
with kings, celebrities with celebrities and 
so on. Networking was strictly confi ned to 
social class. However, within a particular 
circle, friend requests were commonly made 
through ‘letters of introduction’, which were 
like stamps of approval by common friends. 
They might have read something like this: 
“Hello King J, Baron Pomfrey here. Hang out 
with this guy. He’s good fun.”

social network is, but how many people you 
know are part of it. This is called a ‘positive 
network externality’, a bombastic term for a 
simple networking rule!

Indian Postal Service

Aurangzeb

Opened our first office in Mumbai today. Welcome to the world of 
snail mail people!

Cool! Can I get my own stamp? 
5 minutes ago . Like

Like . Comment . 423 years ago

East India Company likes this

08

brainwave11.indd   10brainwave11.indd   10 9/19/2011   5:12:39 PM9/19/2011   5:12:39 PM



To understand just how big our networks 
have gotten, try this: take a pair of 
earphones, stick it in your pocket for an hour 
and extract it. The social networks that most 
people maintain today are about as tangled! 

So what happens next? The future is all 
about synergy, a term management folk 
love to throw around. Prominent social 
networking companies are investing in 
making the experience more complete. For 
instance, Google is planning to integrate 
all its offerings, including Maps, YouTube 
and Latitude, into its social networking 
site, Google Plus. The plan is to free the 
networking experience from the confi nes of 
a website that you log into, to an experience 
that always stays with you. So when you walk 
down the street, the tracking system on your 
phone lets your friends know where you’ve 
gone, and how far they are in relation to you.
 
The logical end to this kind of network is 
a social experience that sticks with you, 24 
hours a day and seven days a week. But being 
social all the time means being public all 
the time and this can lead to a change in the 
way we relate to each other. People’s tastes 
in everything, like books, music and movies, 
will tend to be infl uenced by the group, 
rather than develop independently. We may 
post messages not because we think they’re 
good, but because we hope our friends will. 
We might take photographs not because we 

Please Mr Postman
Imagine Facebook as a network 
maintained by the postal department 
instead of a website. Every post offi ce 
will have a notice board of photographs, 
listing people’s ages, interests and 
contact details. Sort of like a police 
station’s rogues gallery. Except here, 
you can decide to send any of the listed 
people a letter, which the mailman 
will deliver. If that’s too long-winded, 
each photograph will also carry a scroll 
under it, on which you can scribble a 
quick message. The post offi ces of a city 
will service millions of people this way. 
Complicated, isn’t it?

Futuristic Communication
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US Dept of Defense

KGB Spies Inc

Sir Tim Berners-Lee

Just commissioned ‘ARPANET’, a communication system with rocking 
military apps.

Hehehe...Thanks for the update losers!

Oh goody, now let’s turn it into a world wide party.

2 minutes later . Like

2 minutes later . Like

Like . Comment . 38 years ago

Richard Nixon likes this

want to, but because we think our friends 
may be impressed. Of course, we can always 
turn it off. But humans are social creatures…
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HERE'S
HOW

Imagine a world where all the things 
around you could talk to each other. 

Imagine if your refrigerator knew when you 
were almost out of milk, and automatically 
added ‘milk’ to your shopping list. What if 
your car could tell your alarm to wake you 

A sensor outside the store monitors 
the weather, and adjusts the 
temperature within the store 
accordingly. 

Snapshots from a 
futuristic supermarket

Customers can call an automated system 
before they leave their homes to make sure 
the store isn’t crowded or closed.

An indicator changes colour if a 
product is past its expiry date.

A s
sta
up.
rub
pla

Auto billing and 
checkout counter.

An advertising screen 
displays ads based on the 
type of person looking at it.

Sensors in pipelines 
detect leaks or 
blockages and alert 
the concerned staff.
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by Aparna Kapur 
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A system alerts the cleaning 
staff if an aisle needs a clean-
up.  Smart trash cans sort 
rubbish into various categories: 
plastic, metal, organic, etc.

Interactive devices display 
information and availablity of 
products, making it easy to shop.

The delivery desk gets 
constant status and location 
updates from all delivery cars.

When there are no people around, 
the lights are dimmed and the 
temperature is altered automatically 
to monitor energy consumption.

Sensors control the 
temperature in the 
refrigerator according to 
specifi c product needs.

Tracking tags make 
it easy to locate and 
identify stolen goods.

ten minutes earlier when you needed to fi ll 
fuel? Welcome to the ‘Internet of Things’, 
where objects will go virtual!

As of now, the internet is a system that 
connects millions of computers. But in the 

future, this system will grow to include 
everyday objects as well. So just as we have 
online accounts through which we can 
exchange information with one another, the 
things around us will have virtual identities 
and communicate with each other too..
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Cyber Promotions emerges 
as a massive source of 
junk mail, extending to 
websites like MySpace and 
Facebook. The company 
belongs to Sanford 
Wallace, who calls himself 
the ‘Spam King’. Several 
lawsuits are fi led against 
him.

The increase in spam has been met with an 
increase in anti-spam efforts. But spammers 
are constantly fi nding ways to get around 
these restrictions. And the battle continues 
on the world wide web..

Did you know? ‘Spam’ is 
actually a word used for 
Spiced Ham, a canned meat 
product. 

EVIL
SCIENCE

A man, who calls himself Dave Rhodes, 
sends an email titled ‘Make Money Fast’. 
This illegal scam, circulated among internet 
users as a chain letter (a letter that demands 
to be forwarded to several people who will 
send it to several more people), makes Dave 
Rhodes one of the earliest spammers.

by Aparna Kapur 
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The story of spam begins when a group of 
four hundred unsuspecting people receive 
an advertisement in their email inboxes, sent 
out by Gary Thuerk, marketing manager of 
Digital Equipment Corporation. Later, he 
comes to be known as the ‘Father of Spam’.

The notorious history of junk mail

The number of spam emails 
sent goes up to almost

Two lawyers from Arizona 
post an advertisement of their 

services on several online discussion groups. 
Since it is an irrelevant and unwanted post, 
it receives such a fl ood of insulting replies 
that the system crashes temporarily.
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Log onto www.bwmag.
in to read the following 
exclusive articles:
The Internet of Sound 
| The Six Degrees of 
Separation | BW’s Top 
Ten Internet Memes | 
Connectivity Made Easy 
| DIY

Participate in a 
live chat! Join the 
Brainwave team for 
a live video chat in 
which we talk about 
online gaming, MMOs, 
augmented reality 
and lots of other cool 
stuff! Log on to www.
bwmag.in/livechat to 
fi nd out when!
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CUT
PASTE

linux turns web only

science 
exchange

In 1991, Linus 
Torvalds created this 
operating system. 
Today, Linux powers 
most supercomputers, 
ATMs, mobile phones, 
media players, medical 
instruments and 
websites, and is among 
the most widely used 
operating systems in the 
world.

is a link between 
people with great ideas 
who don’t have the 
equipment to conduct 
their experiments and 
people at universities 
with access to advanced 
laboratories.

letter of the 
month
I am synaesthetic. I wanted 
to share my experiences with 
you. It’s true as you said that 
two or more senses combine 
together to give a thousand 
combinations. The most I 
feel is colours mixing with 
numbers.

For example:  
   8 = orange
   2 = red

For music:
Fur elise = slow 
combination of colours 
starting with dark blue.

The funniest thing I feel is, 
whenever I see a building at 
the corner of the street with 
fi rst fl oor and a open terrace, 
I feel totally violet
During my early age I 
thought that it was just my 
imagination. It’s only two 
days ago that I found out it 
was a “secret sense”. Thank 
you soooo much for this 
wonderful INFORMATION! 
Special thanks to Dr.Jandeep 
Banga

Thank you once again, 
Brainwave!

Revanth, Chennai

scienceexchange.com

20!

sci-mate 

is an online forum 
for people to access 
and share the latest 
research studies and 
discuss scientifi c ideas. 
Just log on to get a 
whiff of what others 
are thinking and to talk 
about your own ideas.

sci-mate.org 
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“As a student in 
school, I was defi nitely 
intellectually curious,” 
Sal tells us, in a YouTube 
video he made especially 
for readers of Brainwave. 
“I liked to ponder things. 
I didn’t like to paint-by-
numbers because that 
was the simplest way to 
do it. I often butted heads 
with parts of the school 
system that wanted you 
to paint-by-numbers, 
that wanted you to lock 
step with everyone else 
and just accept things 
without questioning 
them.” There’s your lesson 
for today, good reader: 
be curious, and don’t be 
afraid to step out of line!

Butt Heads!
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Here’s a Salman Khan who 
packs a whole different 

kind of muscle. In the mid-
2000s, when he started 
tutoring his young cousins 
over YouTube, Bangladeshi-
American Sal Khan, then an 
investment analyst, could 
have hardly known that his 
little multimedia side-project 
would eventually change the 
way hundreds of thousands of 
students across the globe did 
their homework. 

As a college student, 
Sal had earned three 
separate degrees in maths, 
engineering and computer 
science respectively from the 
famed Massachusetts Institute 
of Technology. This man’s 
no slouch when it comes to 
processing the tough stuff. 
His videos, in turn, divvy up 
the vast plantations-full of 
information cultivated by his 
sprawling geek brain, into 
simple, chewable morsels.

In the videos, like in any 
regular classroom, what’s 
taught is chalked on a 
blackboard screen, with Sal’s 
disembodied voice piping 
in with the storytelling that 
makes sense of it all. Unlike 
in any regular classroom, 
though, Sal’s virtual lessons 
can be paused, replayed or 

byby Vinayak Varma

asked to come back later 
when your head hurts a little 
less from any resultant info-
overload. (He takes care to 
add, however, that his videos 
don’t replace your class 
teachers – they just make 
their jobs a whole lot easier!)

The ‘Khan Academy’ has 
become such a huge hit that 
Sal recently quit his boring 
day job to plunge into a 
full-time teaching career. 
He convinced big shots 
like Microsoft-founder Bill 
Gates to put money into his 
academy, so he wouldn’t have 
to ask his students to start 
paying fees (free education! 
woohoo!). He’s got a full-time 
staff working with him now, 
and the subjects they teach 

have grown from basic maths 
to history, geography, physics, 
chemistry and lots of other 
awesome topics, and all of 
this continues to be taught 
with the same infectious 
enthusiasm that Sal began the 
Khan Academy with..

Listen to our complete interview 
of Sal at www.bwmag.in/
khanacademy

To enroll at the Khan Academy, 
visit www.khanacademy.org.
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First off: brains on a chip! 
DARPA’s gotten a bunch of 
mad scientists to fi nd ways 
to make microprocessor 
chips (like the ones in your 
TV remote, computer, or 
cellphone) work like the 
human brain. SyNAPSE 
technology, as DARPA calls 
it, will create machines that 
are almost as smart as living 

In 1969, a little-known and 
slightly clandestine outfi t 

called DARPA invented the 
earliest form of the internet. 
The ‘ARPANET’ was a basic 
computer network for 
wartime communication, 
which later morphed into 
the internet as we know it. 
But this isn’t the best part 
of the story. The ingenious 
DARPA geeks continue to 
come up with the world’s 
most mind-blowing 
computerised inventions. 

There are some people who 
discover things because they 
are told to discover them. 
When asked to create faster 
cars or lighter aircraft, 
they go off to their labs and 
factories to fi gure out how. 
And then there are some 
people who discover things 
because they dream. They 
come up with the wildest 
ideas, but instead of telling 
themselves “What nonsense! 
Such a silly idea,” they say 
“Well, why not?”

There is an entire building 
full of such people in the 
state of Virginia, USA. This 
tall building, made of black 
glass and steel, belongs 
to the Defense Advanced 
Research Projects Agency – 
DARPA, for short.

Brains and 
chips, anyone?

Then there’s the serious stuff. 
Sometimes, people have 
awful accidents – so bad that 
they may lose an arm or a 
leg. Doctors fi x these patients 
with mechanical arms and 
legs called prosthetics. While 
these limbs (made of plastic 
or steel) do help, they’re 
nowhere near as good as 
natural arms and legs. Worst 
of all, you can’t feel anything 
through them. For instance, 
you can’t feel the softness of 
your cat’s fur when you stroke 
it or the chilliness of an ice-
cream cone when you hold it. 
That’s because a metal arm 
has no nerves – the bundles of 
fi bres in your hand that send 
signals to your brain telling 
what sensations your hand is 
experiencing.

Limbs with 
lots of nerve

The scientists at DARPA 
come up with the wildest 
ideas they can think of, and 
then turn these ideas into 
useful technologies. Most 
of these technologies are 
made for defense purposes: 
rockets that can travel more 
than six times the speed of 
sound and laser weapons 
to protect soldiers. Here’s 
a round-up of their coolest 
inventions:

creatures – jeeps that know 
where to drive, aircraft that 
know when to chase an 
enemy down. Someday, you’ll 
be able to rush out of your 
home and into an empty car, 
which will drive you straight 
to school, drop you off and 
come back home, all by itself!

Mapping the intricate 
communication network 
of the brain allows 
DARPA scientists to 
develop a microprocessor 
that can mimic human 
and animal intelligence. 
(Photo: IBM)

by Rahul Nayar
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Now let’s move onto the 
absolutely awesome stuff. 
Have you watched the movie 
Transformers? You know, the 
one where robots can turn 
into cars, trucks, aircraft, 
music players, anything? 
Well, DARPA has its own 
Transformers programme, 
which is trying to invent 
fl ying jeeps! A Transformer 
jeep will rush along a road, 
full of soldiers and if the 
enemy tries to shoot at it, 
the jeep will suddenly and 
automatically grow wings 
and fl y straight into the sky. 
It can fl y over the enemy and 
then land safely, away from 
danger..

It doesn’t stop there. DARPA 
scientists are now working 
on thinking cameras. Yes, 
you read that right: cameras 
which can think. Your average 
video camera (like the one 
your dad uses when you go on 
holiday) is not exactly what 
you’d call ‘smart’. While it 
records everything that it sees 
– your playful dog, your shiny 
car, the beautiful seaside – it 
has no idea what it is looking 
at. To your not-so-smart 
camera, your car’s hubcaps 
and your smiling grandfather 
are pretty much the same 
thing. But DARPA inventors 
are trying to fi x that, by 
building a camera they call 
Mind’s Eye. The Mind’s Eye 
camera doesn’t just record 
stuff – it understands what it 
is seeing.  It can say to itself 
“Oh! That’s granddad. Much 

Cameras that think 
before they CLICK

But DARPA’s mad inventors 
are designing prosthetics 
with artificial nerves – they 
can plug straight into the 
nerves that are already inside 
your body, and directly to 
your brain. This means that 
even a plastic-and-metal arm 
will soon be able to feel the 
coldness of an ice cube or the 
heat from a candle. Think 
about how wonderful this 
would be for soldiers with 
terrible war injuries.

nicer than the car’s hubcaps,” 
and shift itself to concentrate 
on him.

Finally, the 
mother of all 
inventions!

Mohammed Abd el Aal, a Lebanese 
boy, lost his left leg to a cluster bomb. 
DARPA’s new prosthetics with artifi cial 
nerves could one day help him feel 
the texture of the sand under his feet 
again. (Photo: Mariella Furrer/ CMC)

Mind’s Eye cameras 
not only record your 
actions, they can 
fi gure out exactly 
what you’re doing.

War tech takes to the 
not-so-friendly skies 
with DARPA’s latest 
Humvee-like fl ying 
Transformer TX 
vehicles. 
(Images: DARPA)
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Networking 
Gone Wild
Learn how animals talk to each other 

about love, food and real estate

by Inga Tollefsen & 

Siddharth Rao

You wake up in the 
morning to birdsong, and 

as you get out of bed your 
dog rushes towards you and 
wags his tail. You step into 
the garden and accidentally 
brush past a wasp, and it 
stings you in response. This 
is communication, the animal 
way.

There are a myriad means 
of communication in the 
natural world that we don’t 
really pay attention to. Take 
us humans, for example. We 
are social animals who mainly 
communicate through speech 
and body language. But if 
you factor in our clothes, 
writing, art and music, a 
more vivid picture soon 
emerges. Everything we do is 
communication in different 
forms. The story is the same 
for animals and plants – they 
communicate through an 
amazing diversity of sounds, 
smells, sights and touch.

As night falls in the rainforest, 
the frogs start their symphony 
of croaking. It is monsoon, 
which also means it is 
breeding season, and so 
the rhythmic squeaks and 

warbles from the many 
species of frogs are meant 
for one thing: to attract the 
loveliest female in the forest. 
It is not surprising that much 
of animal communication 
is about love and food. 
Firefl ies, for example, use 
bioluminescence (a chemical 

reaction which produces 
light) in order to attract 
mates. Some devious female 
fi refl ies mimic the fl ashing 
patterns of another species to 
attract the unsuspecting male 
fi refl y. When he gets there, 
she eats him!

You wake up in the morning 
to birdsong, and as you 

get out of bed your dog comes 
running towards you and 
wags his tail. You step into 
the garden and accidentally 
brush against a wasp, and it 
stings you in response. This 
is communication, the animal 
way.
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KINGDOM
ANIMALIA

Elephant (Loxodonta africana):
These two adolescent male African elephants are sparring in a playful manner. 
While they are testing each other’s strengths, this play is also an important 
part of bonding and friendship. After the play-fi ght, the two elephants were 
seen resting under a tree together. Like many other social animals, elephants 
commonly use the sense of touch to communicate.

b. 
ial 

t
C)

as 
ur 

.

he 
es 
t 

g 

brainwave11.indd   19brainwave11.indd   19 9/19/2011   5:12:52 PM9/19/2011   5:12:52 PM



18

Tiger (Panthera tigris):
The tiger in the picture above — a male 
called Banda — is smelling a scent 
marking left on the tree. This could 
be either his own scent marking as he 
passed by earlier or the scent marking 
of another tiger in the same area. 
These olfactory signals play a major 
part in staking claim on a territory and 
attracting a mate.

Left: After smelling the scent on 
the tree, Banda displays a ‘grimace’ 
or ‘fl ehmen response’. Although it 
looks like he is snarling, he is actually 
imbibing the smell through his 
Jacobson’s organ (a special organ in the 
roof of a tiger’s mouth which helps it 
decipher olfactory clues).
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Bees, on the other 
hand, communicate less 
malevolently. They do the 
‘waggle dance’ to share 
critical information about 
the location of food, housing 
and water with their hive 
mates. Austrian ethnologist 
Karl von Frisch, who won 
a Nobel Prize for his work 
on bee communication, was 
one of the fi rst researchers 
to translate the specifi c 
movements of the waggle 
dance. Scientists have found 
that bees are also interested 
in the quality of the food they 
fi nd – so the better the food, 
the more vigorous the waggle.

Plants also have very smart 
ways of communicating. 
The beautiful bee orchid 
produces a fl ower that 
mimics the female bee. The 
mimicry attracts male bees 

which try to mate with what 
they think is a cute female, 
and end up pollinating the 
fl ower instead. Smell is also 
an important part of fl ower 
communication. The fl ower’s 
good looks and great smell 
are really intended to attract 
insects for pollination. 

An insect that relies heavily 
on smell as a means of 
communicating is the ant. 
Ants use pheromones (a 
chemical secreted by an 
animal that infl uences the 
behaviour of other animals 
receiving the signals). Ant 
societies are not only social, 
but aggressive too. For 
instance, they are known 
to wage war on other ant 
species, with the victors 
taking the captured ants 
to their nest as slaves. 
When engaging an enemy, 
pheromones play an 
important role, as they can 
confuse an enemy and even 
make them fi ght within 
themselves. However, ants 
also engage in more peaceful 
activities. When foraging, ants 
use pheromones to create a 
scent trail to where their food 
is. They also use pheromones 
to attract partners, set off 
alarms and identify different 
colonies.

Larger animals such as tigers 
use all their senses, like 
smell, touch, sound and sight, 
to communicate. When a tiger 
wants to mark out territory 
and make its presence known 
to other tigers, it roars, leaves 

October 2011 19
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After smelling and deciphering the 
scent, Banda turns around and sprays 
urine on the tree he has just sniff ed. 
This is to either make his own scent 
marking stronger, or to cover the scent 
of another tiger. 
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Peacock (Pavo cristatus):
The coloured and patterned fan of 
the peacock’s tail feathers is one of 
nature’s most stunning visual displays. 
This male is guaranteed to impress us 
humans with his vibrant colours, but the 
real purpose of his showmanship is to 
attract mates. 

Sambar (Cervus unicolour):
These three Sambar deer (two adults 
and one fawn) are on high alert. Their 
large and sensitive ears have just 
picked up an alarm call from other 
members of the herd, warning them 
of the possibility of a predator lurking 
nearby. Many species of animal call out 

loudly when a predator is nearby, which 
serves as an alarm for other animals in 
the vicinity. For relatively defenseless 
herd animals, a keen sense of hearing is 
their best defence. 

scratch marks on the ground 
and trees, and sprays urine 
on trees to make sure its 
scent lingers long after it has 
passed by.

It is fascinating to observe 
these complex systems of 
communication in nature. 
Take some time and observe 
how animals and plants 
around you communicate, 
whether it is birds chirping, 
ants foraging for sugar in 
your kitchen, or a stunning 
fl ower attracting pollinators. 
Remember that there is a 
lot to learn by observing the 
behaviour of even the tiniest 
of species!.

20
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EPISODE 5: ARISTARCHUS
THE CONCLUSION

SCRIPT BY SHALINI SRINIVASAN \ ARTWORK BY RAJIV EIPE
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Presenting the Guinness record-holder 
for the “smelliest substance” in existence. 
What gives ethanethiol its stink? Sulphur 
molecules! Did you know that the cooking 
gas (LPG) that comes to our homes in 
cylinders is actually odourless? Ethanethiol 
is added to LPG so that its stink can warn 
users of a leak. Why not use something 
pleasant-smelling? That’s because a nasty 
smell is more likely to wake you up from 
deep sleep than a pleasant one.

That awful goo made up of dead skin cells, 
dirt, sweat, skin oils and bacteria has the 
vile smell of rotting leather. With more than 
250,000 sweat glands each, your feet are far 
sweatier than your underarms. But sweat 
doesn’t have a smell of its own. The stink is 
actually bacteria crap!

This sport is dubiously known for inducing 
the most number of fart ‘accidents’. The act 
of bowling brings the body into positions that 
relax the anal sphincter. When the knees are 
drawn up to the chin, the sphincter relaxes 
and lets go of gases. The Pawanmukta Yoga 
Asana to clear out trapped intestinal gases 
works on the same principle – knees to chin 
and… ppppprrrppp!
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The smelliest city on Earth is no, not 
Mumbai, but Rotorua in New Zealand. In this 
geothermally active area, huge amounts of 
hydrogen sulphide, or the ‘rotten egg’ gas, are 
released everyday through steam vents, mud 
pools and geysers, dotted all over the town.
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Greetings, readers! Welcome to ‘The World’s Weirdest’ 
series, a monthly column where we’ll rank the planet’s Top 
10 performers in a chosen category. We kick off with ‘The 
World’s Weirdest Gassers’ – people, places and things with 
superhuman gassy abilities.

by Sangeeta Bahuguna
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Gross yourselves with our 
list of the smelliest, gassiest 
people, places, animals and 
things on the planet

Ethanethiol: Bowling:

Bi

Toe Jam:
Rotorua: 

D

K

10

09
07

08

0

0

0

Gassers
World’s Weirdest
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A delicacy from Greenland, Kiviak is made 
by wrapping a whole seabird in seal skin 
and burying it for several months to ferment. 
When it is dug up, the insides are so decayed 
that they’re liquid and are sucked out after 
making an opening. The smell of Kiviak 
lingers in a person’s mouth for weeks. 
The gases and compounds that produce 
the stench are propionic acid, lactic acid, 
methane, hydrogen sulphide and ammonia.

Bombardier Beetle: 
The Bombardier beetle is by far the smelliest 
insect. It stores hydroquinone and hydrogen 
peroxide in its body. Whenever threatened, 
it shoots a boiling, stinky liquid and gas from 
its rear, causing some serious damage to 
anything that gets sprayed.

The world’s smelliest creature has anal 
glands which can be smelled from seven 
football fi elds away! The glands produce 
a mixture of mercaptans, which stink like 
rotten eggs, garlic and burnt rubber. The 
Guinness Book of Animal Records claims that 
a polecat once kept nine lions at bay while it 
was scavenging their kill..

Paul Hunn: 
This man from London holds the world 
record for the loudest belch, measuring 109.9 
decibels – as loud as a motorcycle starting 
up. Check out his page on MySpace: www.
myspace.com/burperking.
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This stinking cheese smells of baby vomit. 
Huge numbers of living, excreting bacteria 
and dead, stinking bacteria are cultivated 
in rotting milk during the making of this 
cheese.

This fruit is the stinkiest thing that grows 
on trees! Durian contains mercaptan, a 
colourless gas that gives off the smell of 
rotting garbage.
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Bishop Cheese:

Durian: 

Kiviak:

Striped Polecat: 
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A) What is Brainwave Lab?
Brainwave Lab provides live learning 
experiences to students of all age 
groups. This helps them gain a practical 
understanding of concepts and optimal 
knowledge retention, while having amazing 
fun!

B) What happens after the introduction 
course?
We have multiple courses children can take 
up as they grow. These are Early Structures, 
Early Simple Machines, Simple and Powered 
Machines, Pneumatics & Renewable Energy 
and Lotsa Bots 2.0. The curriculum for these 
courses is based on school physics and the 
machines & mechanisms syllabus. 

The child can also take our annual 
subscription and have unlimited access to 
our Lab!

C) What is the course curriculum?
The introductory course curriculum is:
1.Designing and Building Working Models
2.Graphical Programing Using Software
3.Use Feedback to Adjust a Programing 
System Output
4.Work With Simple Machines, Gears, 
Levers, Pulleys, Motors and Intelligent Bricks
5.Story Telling and Interpreting

For the detailed curriculum of our other 
courses, please email us on   
bwlab@ack-media.com.

D) How does participating in our 
workshops help?
In addition to understanding the concepts 
of physics, machines & mechanisms and 
robotics practically, participants get to 
improve the following skills:
Eye-hand coordination
Creative thinking
Concentration and attention spans
Perseverance
Problem solving
Planning and organising
Team work
Communication and expression
Sensory stimulation
Visual discrimination
Fine motor skills

Do and Learn, 
It is Fun!

Q&As:

Got more questions? Want to know 
more? Follow us on Facebook:
www.facebook.com/ACKBwLab or log 
onto www.bwmag.in/bwlab. 

What other interesting experiences does 
Brainwave Lab offer?
We are currently researching Remote 
Controlled Cars and Choppers. Pretty soon, 
there will be courses related to them!

28
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Imagine this real-time scenario: ten-year-old 
James is cycling down a hill in California, 
USA. He goes over a bump, loses balance and 
has a fall. His head hits the pavement and he 
loses consciousness. An ambulance rushes 
James to a nearby hospital. He is taken to 
the emergency room and the doctor on 
duty decides that an urgent CT (Computed 
Tomography) scan is needed to judge the 
extent of injury. But the hospital’s radiologist 
is off-duty. The doctor then decides to use 
the services of a radiologist sitting in an 
offi ce in Bangalore, India, thousands of 
kilometres away. The CT scan is performed, 
and the images are sent to the Bangalore-
based radiologist through the internet. This 
radiologist interprets the images and sends 
back the report to California within ten 
minutes. Reviewing the results, the doctor 
concludes that the injuries are not severe 
and James does not require surgery. 
 

Radiological images such as X-rays, 
CT scans and MRIs (which are used to 
diagnose diseases in the human body) are 
transmitted from one geographical location 
to another via the internet so that they 
can be interpreted – this practice is called 
‘teleradiology’. It’s widely used in today’s 
digitally connected world, and India is fast 
becoming a hub, providing teleradiology 
services to hospitals around the world. 

Saving 
Lives 
Online

Apart from having a large pool of expert 
radiologists in our country, we also have 
an effi cient telecommunications network, 
enabling us to offer specialist services at a 
reasonable cost. 

But why is teleradiology needed in the 
fi rst place? Teleradiology has multiple 
advantages. It breaks geographical and 
time barriers and helps achieve accurate 
diagnoses in the shortest possible time. 
It allows radiologists to provide services 
without actually having to be physically 
present at the location where the patient is. 
Trained specialists in teleradiology centres 
are on call 24/7 and can simultaneously work 
with hospitals across different parts of the 
globe from their cubicles. 
 
The miracle of teleradiology is made possible 
through network technologies, including 
internet, WAN, LAN and telephone lines. We 
now have broadband that lets large amounts 
of data to be transmitted at a high speed 
between teleradiology centres and hospitals. 
It would be interesting to imagine what data 
besides images could be sent in the future on 
a much more advanced broadband..

Teleradiology: The how and the why of 

beaming medical images on the internet

by Dr Jandeep Banga / Curiouscity
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Easy

Medium

Difficult

CROSS
SECTION

ACROSS 
1. The Internet, commonly known as (3)
2. Enter into a system by identifying yourself (5)
5. This decides the route of data packets in a 
network (6)
7. Your email __ is what makes you unique (2)
9. ____net is a protocol for Local Area Networks (5)
12. Not off (2)
13. Surf the net (6)
14. A ____back lets a website know if another site 
has linked to it (5) 
15. A ___ counter shows the number of visitors a 
webpage has had (3)

Send us your completed crosswords and 
give us your feedback! Write to 
brainwave@ack-media.com. 

by Veena Prasad

DOWN
1. Wi-Fi lets you connect to a network without using 
this (4)
3. Optical Character Recognition, for short (3)
4. Any device connected to a network (4)
6. To perform a 2 Across, you need a ____name (4)
8. Produce a picture (4)
10. A computer on a network that acts as a server (4)
11. The T in HTML (4)
13. Sending email without making the recipient’s 
address visible, abbr. (3)

1 2 3 4

5 6 7

8

9

10 11

12 13

14 15

Enter the Matrix
D

E

M
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Fun with everyday chemistry

A fifth grade student performed this experiment at an 

NCL outreach programme in a Pune school:

Common synthetic glues 
typically contain long, 

string-like molecules that 
dissolve in water. These 
molecules are polymers. 
When you add borax to the 
glue, the polymers cross-
link. This means that they 
form chemical bonds so that 
the string-like molecules get 
knotted. If many such knots 
are made, interesting things 
happen. Like slime!

To make slime, you will 
need: Borax (available at 
most pharmacies/medical 
stores) and transparent 
water-based synthetic glues 
(like Fevigum)
 
1. Add borax to water and stir 
until no more dissolves. Such 
a liquid is called a saturated 
solution.
2. Mix one part of synthetic 
glue with two parts of water 
and stir well. You could add a 
pinch of food colour to make 
the slime colourful.
3. To this mixture, add the 
borax solution, drop by drop 
while stirring vigorously. 
Stop when your solution has 
turned to slime.
4. If you add the borax 
solution to the synthetic glue 

without mixing the glue 
with water, then you can 
make a bouncy ball. Stir 
vigorously to mix the 
borax with the glue 
completely. Once the 
material becomes 
rubbery, you can roll 
it in your hands to 

make a bouncing ball.

 

Note: Try various glues 
that you can buy at your 
local stationery store. Some 
glues like Feviquik, won’t 
work since they don’t have 
polymers and use a different 
chemistry for adhesion. Look 
up the chemical composition 
of various glues to understand 
which ones will work..

During the World War II, 
a chemist called James 
Wright at the General 
Electric Company, 
mixed boric acid with 
silicone oils to try and 
make synthetic rubber. 
He found that he could 
cross-link the silicone 
molecules. And while 
the resulting material 
couldn’t be used as a 
substitute for rubber, it 
became a very popular 
toy called ‘Silly Putty’ 
that is available even 
today. This experiment 
might have inspired the 
fi lms, The Absent Minded 
Professor and Flubber, 
where the scientist-
protagonists invent 
super-bouncy materials.
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I am at an age where none 

of the terms included in 

Brainwave are taught. But 

thanks to this magazine, I 

can learn them pretty early!

Ashwin Shekhar
Coimbatore

I have read this 

magazine and liked it a 

lot. I love chemistry and 

I fi nd your magazine 

interesting.

K Sai Shashank

The Brainwave Amazing Science monthly is very useful for me. I love it.

Abdul Nafi e

I loved Brainwave. It educates and is fun to read.
Priyanka Palit

The crossword was quite 
hard and interesting. It was 
fun solving the crossword. 
The magazine is also 
interesting. The Smarties 
and Cyclops were the best!!!

Divyanshu Agrawal

Hi Brainwave,

I’ve been noticing all the issues 

carefully. The new look is 

really fantastic, to say. And the 

last issue was awesome. The 

topics are well arranged and 

the graphics and information 

you provide in the magazine are 

really helpful.

Parina Muchhala
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Write to us at
brainwave@ack-media.com
Visit us at 
www.bwmag.in
‘Like’ our page at 
www.facebook.com/Brainwavemag

The new magazine 

cover page is cool.

Shardul Kulkarni
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Young Mathews was reading in his room 
in Kottayam, Kerala, when a mosquito 

fl ew towards him. He brushed it off and 
watched as it made its way towards a glass 
pane and attempted to fl y through it. A 
few months later, Mathews noticed a giant 
cloud of mosquitoes in a cowshed in his 
neighbourhood, especially swarming around 
its urine tank. These were the two “aha!” 
moments that inspired Mathews K Mathew, 
a Kottayam-based inventor, to create the 
‘Hawker Solar Mosquito Destroyer’ some 
fi fteen years later.

by Aparna Kapur
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BACKYARD
INNOVATION 

So what were the “aha!” conclusions 
that Mathews made about mosquitoes? 
First, he observed that mosquitoes 
tend to move towards light and next, 
he deduced that they try to fi nd a way 
through a transparent surface instead 
of going around it. They are also drawn 
to vapours from septic tanks. Mathews 
has designed the Hawker Mosquito 
Destroyer around these behaviours.

TRAP ‘EMZAP ‘EM

This mosquito-slaying contraption is easily 
the most eco-friendly product of its kind. 
Using only biogas and sunlight, the Hawker 
Mosquito Destroyer doesn’t need power or 
harmful chemicals to do its job. It’s also a 
hit in the market – since Mathews started 
production in 2005, he has been swamped 
with orders from around India, as well as 
Singapore, Malaysia and Italy.

But Mathews’ innovation doesn’t end here. 
He has created a similar device to trap 
housefl ies, and is also working on an electric 
rat trap and an indoor mosquito destroyer..

How it works:
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Alexis Ohanian demonstrates the magic of creating a 
meme. 
http://www.ted.com/talks/alexis_ohanian_how_to_
make_a_splash_in_social_media.html

In this entertaining talk, Ze Frank shows you how people 
can make a difference to each other across the globe 
when the internet gets involved.
http://www.ted.com/talks/lang/eng/ze_frank_s_web_
playroom.html

Jonathan Zittrain narrates some stories showing that 
kindness exists in the world of the internet. 
http://www.ted.com/talks/lang/eng/jonathan_zittrain_
the_web_is_a_random_act_of_kindness.html

TED Talks:

In the contest in Issue 9 of 
Brainwave, we asked you to 
send us your most creative 
chemistry experiments. 
The winner of the contest 
is Sarthak Jain. The level 
of detail in his description 
of the experiment and his 
clear understanding of the 
concept was impressive. 
Congratulations, Sarthak. 
You win a trip to the National 
Chemical Laboratory in Pune!

The fi rst runner-up is 
Suporno Chaudhury for 
his fascinatingly unusual 
and creative experiment. 
Suporno, you win an amazing 
Astroscope! The second 
runner-up, chosen for the 
simplicity of his experiment, 
is Sidharth V. You win a 
six-month subscription to 
Brainwave!

We’d like to make a special 
mention of Hrishikesh 
Athreya, whose experiment 
was too interesting to 
ignore. Hrishikesh, you get 
to participate in the BW 
Lab Robotics workshop in 
Bangalore!

38

SOLUTIONS
AND WINNERS

Solution to Cross Section, Issue 10: “Hear it is!”
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p05 Humanoid: having the appearance 
or characteristics of a human

p07 Life expectancy: average years of 
life

p09 Synergy: working together to 
produce an effect that is greater than 
individual effects

p10 Sensor: a device that detects certain 
factors in an external environment and 
responds in a distinctive manner

p11 Virtual: an online identity

p18 Olfactory: concerning the sense of 
smell

p19 Ethnologist: someone who analyses 
cultural patterns amongst societies

Pollinating: a process of fertilising plants

Foraging: searching for and gathering food

p26 Anal sphincter: a ring-shaped 
muscle that surrounds the bodily opening, 
constricting and relaxing as required for 
normal physiological functioning

Geyser: a boiling natural spring driven up 
by the expansive power of steam

p27 Ferment: to break down into simpler 
substances by allowing yeast to react with 
sugars

Glands: organs that produce hormones, 
which are the chemical messengers of the 
body

p30 Radiologist: a medical specialist 
who interprets pictures of areas inside the 
body to arrive at a diagnosis

p35 Molecule: the smallest particle 
of a substance that retains the chemical 
properties of that substance

p37 Septic tank: an underground tank in 
which sewage is collected

NOTES

0
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Create a Meme!

Start an insane internet 
trend. Circulate it, spread 
the word and go all out to 
make a meme of it. 
(Find out more about memes: 
log onto www.bwmag.in/
internet-memes.)

Write to us at brainwave@
ack-media.com and tell us the 
success story of your meme.
The most popular meme will 
win a big, big secret surprise 
prize! Two runners-up will 
win Brainwave t-shirts.

Last date for entries is 10 
November 2011!

Copyright © 2011, Brainwave Magazine. All rights reserved.
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Dear Reader,

We’re well and truly in the thick of festival season. 
Id, Navaratri and Deepavali have just ended their 

long procession of sweetmeat-chugging goodness, and 
Christmas and New Year’s Day are around the corner. 
By the time January rolls around, no doubt, many of 
you will also be rolling around the place wondering 
how in heck you managed to turn into such perfectly 
round gulab jamuns and plum cakes.

This issue of Brainwave helps you defl ate some 
of that wonderment with a few well-placed pointers. 
They say you are what you eat (and it’s true, I confess: 
I’m a lemon tart monster). To know your food better, 
and thereby to know yourself, turn to our cover story 
section.

This issue also happens to be Brainwave’s twelfth, 
completing our fi rst volume in print. In the last year, 
we’ve covered many strange and wonderful topics and 
brought you the best science we know. In return, we’d 
like a favour from you, good reader. Turn to the back 
cover to fi nd out how you can help us stay awesome 
(and you can win prizes while at it)! 

Finally, we’d like to give our older sister, Tinkle, a 
big warm hug on her birthday, which falls on the 14th 
of this month. Bring on the cake! 

Till our next volume comes around, season’s 
greetings, happy Children’s Day, and bon appétit!

   Scientifi cally,
 Vinayak
 vinayak.varma@ack-media.com

Between Meals

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd Floor, 6th 
Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati Bapat Marg, 
Lower Parel, Mumbai - 400013

Copyright © 2011, 
Brainwave Magazine. All 
rights reserved.

Cover artwork by 
Bombay Duck Design

Contributor portraits by 
Upasna MehndirattaPrinted at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji Konddeo 

Cross Road, Between Sussex and Retiwala Industrial Estates, Byculla East, 
Mumbai - 400027. 
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To make the solar pinwheel, you will need: 
A paper windmill.3 old tin cans.Black paint.A piece of wire

Freewheeling

1. Take a square piece of 
paper (12cmX12cm).

1. 
ol

4. 
in
it 
co

4. Glue the corners to the 
centre.

5. The paper windmill is 
ready.

6. Use a pencil to make a dent 
in the centre of the windmill.

2. Make folds across the two 
diagonals of the square so 
that creases appear.

3. Cut along the creases 
halfway to the centre, from all 
the four corners.

To make the paper windmill:

To
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W
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by Arvind Gupta 
(www.arvindguptatoys.com) 
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6. Use a pencil to make a dent

y ,
the four corners.
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1. Cut off the bottoms of three 
old tin cans.

2. Paint the cans black from 
the outside.

3. Stack the three cans on 
top of one another and join 
them with tape to make a tall 
hollow column.

4. Bend a small piece of wire 
in the shape of a snake. Tape 
it on the upper rim of the 
column of cans.

nt 
.

all 

To make the base:

5. Balance the paper windmill 
on the tip of the wire.

See the pinwheel in action:
When the sun is out, place your device on a stand made of two 
books such that the bottom is not covered. After a while, you’ll 
notice that your pinwheel has started rotating!.
How it works:
The sunlight hits the cans. Being 
black, the cans absorb the heat, 
and the air inside the cans heats 
up. Like all hot air, it starts to 
rise and leaves behind a vacuum. 
Cold air from below gets sucked 
into the can to fi ll that vacuum. 
This process is called convection. 
A continuous convection current 
keeps the pinwheel moving.
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More about convection 
currents:
The process of convection 
occurs naturally around us. It is 
responsible for the distribution 
of heat in the Earth’s 
atmosphere as well as for sea 
breezes and thunderstorms. 
The principle of convection has 
also been used to run heating 
and cooking devices.

nt

e outside.
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enormously curious 
man who made 

important discoveries in 
astronomy, physics and 
biology, in addition to 
being an inventor and 
architect. In his historic book 
Micrographia (published 
in 1665), he described with 
diagrams (they didn’t have 
photos back then), what 
various substances looked 
like under a microscope, 
including a needle point, 
razor blade, leaves, insects 
and thin slices of cork. It was 
while he was observing cork 
that Hooke saw honeycomb-
like structures that he called 
‘cells’. We now know that they 
are the building blocks of 
living organisms.

Atoms are far, far smaller 
than cells. It is only in the last 
fi fty years or so that we have 
developed instruments that 
reveal images of atoms (and 

by Srinath Perur
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these look less exciting than 
you might think). Although 
the idea of the atom has 
been around for over two 
thousand years, thanks to 
ancient Indian and Greek 
philosophers, it was only in 
the late 18th century that 
scientists made observations 
that hinted that matter could 
be made of atoms. 

French scientist Antoine 
Lavoisier noticed that when 
elements combine chemically, 
the result weighs as much 
as the original elements 
put together. Another 
French scientist Joseph 
Proust showed that a given 
compound always breaks 
down into its elements 
in the same proportion. 
How English chemist and 
physicist John Dalton learnt 
about atoms makes for 
a fascinating story about 
scientifi c imagination and 
experimentation.

 
He observed that 100gm 
of carbon combines with 
either 133gm of oxygen to 
form carbon monoxide (CO), 
or with exactly double the 
amount of oxygen, i.e. 266gm, 
to form carbon dioxide (CO2). 
This can be explained if one 
atom of carbon is combining 
either with one or two atoms 
of oxygen. Dalton observed 
such simple ratios in several 
elements that combined 
to form more than one 
compound. So in the early 
19th century, he proposed the 
atomic theory which stated 
that an element is made of 
identical, indivisible atoms 
that can combine with other 
atoms in specifi c ways.

Dalton didn’t come up with 
the idea of the atom, and he 
never did see one. But he 
was the fi rst person to make 
a convincing case for its 
existence..

Apoorvaa Balasundaram asks, “Robert 
Hooke discovered the cell with a simple 
microscope. How did John Dalton 
discover the atom? Were the microscopes 
of his age so powerful that they could project 
an atom?”
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B/W
LABS 

Alby took one lick of the ice cream 
that he and Dr Dodo had whipped 
up in the BW Labs’ pantry. It didn’t 

taste anything like his favourite ice cream – 
butterscotch with nuts and chocolate sauce 
(yummm!). He had nagged Dr Dodo for 
weeks to make it and had even helped him 
shop for ingredients. They bought the ice 
cream mix from the supermarket, used a 
blender to mix the ingredients and then kept 
it in the freezer and waited. The end result 
was something that looked like ice cream (it 
did look frozen and rigid), but tasted nothing 
like it. It was as if someone had mixed all the 
ingredients (milk, cream, sugar, butterscotch 
essence and egg) in a bowl and had made a 
frozen porridge out of it. It sort of tasted okay 
(frankly, a little yucky), but defi nitely not like 
ice cream.

Alby was left with no other choice but head 
to the BW Labs’ library to fi nd the secret 
behind making good ice cream. He was 
stunned by what he read. “Half of ice cream 
is actually air!” he screamed, sitting in 
the middle of the library. Skree!!, who was 
quietly reading up on the dietary habits of 
brachiosauri, jumped up in fright.

Once Skree!! fi gured out what was troubling 
poor Alby, she decided to enlist the help of 
an expert. She switched on an app called 
“The Science of Cooking with Dr Gadbad” 
on her smartphone. “Alby, Dr Gadbad’s a 
food scientist, chemist, occasional illusionist 
and molecular gastronomy extraordinaire. 
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Cracking the 
Ice Cream 
Code
A deliciously gooey tale unfolds as the 
Smarties discover the cool science of 
making ice cream with Dr Gadbad

by Dr Magesh Nandagopal, NCL Pune 
& Rajita Gadagkar

Soft serve ice cream 
contains upto 60% air
photograph by Steven Depolo

Regular ice cream 
contains between 
20-50% air
photograph by Ceres B

Gelato (Italian ice 
cream)
contains no air
photograph by Filipe Fortes
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Let’s see what he has to say about making 
good ice cream,” she explained, as they 
selected the topic “Why Is Ice cream So 
Complicated?” from the library of videos.

Alby and Skree!! were soon hooked by 
Dr Gadbad’s theatrics in his kitchen-lab, 
which happened to be fi lled with liquid 
nitrogen fumes and bowls of colourful jellies. 
“Welcome to Dr Gadbad’s kitchen, food 
nerds! Today, we will unravel the mysteries 
of ice cream, which is probably one of the 
most complex substances on the planet. 
For instance, did you know that ice cream 
actually has the structure of foam? What 
you see as a gooey mass really consists of 
air pockets or bubbles trapped between fat 
globules, ice-crystals and a liquid solution,” 
he said dramatically.

Dr Gadbad then pointed to a series of 3-D 
graphics which seemed to rotate in the 
air around him. “Now, the fat globules are 
made from milk or cream and eggs, the ice 
crystals are formed by freezing water in the 
milk and the viscous solution is made with a 
combination of milk and cream. Flavourings, 
sugar and some other additives are also used 
to make the ice cream really lip-smacking.”

 “My favourite fl avours are butterscotch, 
vanilla and strawberry,” Alby interjected.  
“Skree!! what’s yours?” “Hmmm…I like 

kaddu ice cream,” she said absent-mindedly. 
“Eeeeow, pumpkin!” said Alby as they turned 
back to watch Dr Gadbad’s lesson.

“Now for the most important part,” Dr 
Gadbad said in shrill voice. “If you want to 
make a silky-smooth ice cream, the mix 
needs to be cooled super-fast.”

“Oh, so that is why it is diffi cult to make 
good ice cream with a home refrigerator!” 
exclaimed Alby. “Yes, the ice cream mix ends 
up being cooled slowly and larger crystals 
get formed. This makes the ice cream 
coarse,” said Skree!!.

Meanwhile Dr Gadbad continued his lecture. 
“Mastering ice cream making requires you 
to understand the behaviour of proteins, fat 
molecules, the crystallisation behaviour of 
water and the technique of incorporating 
air into the ice cream. End of class,” he said, 
disappearing behind a giant puff of liquid 
nitrogen fumes.   

Right about then, Dr Dodo walked into the 
library balancing three bowls of ice cream 
with multiple scoops. “Making ice cream 
may be diffi cult, but tasting it doesn’t need 
all that much. Just take a big spoonful, put it 
in your mouth and experience the awesome 
yumminess!” he said as they all tucked in..

There are several ingenious ways in 
which good ice-cream can be made:
Hand-cranked ice cream maker: All you need is the 
cranker, ice cubes, salt and the ice cream mix.

Liquid nitrogen: Liquid nitrogen has a temperature 
of -196° C and so it rapidly cools down the ice cream 
mix. Just like instant noodles, you can make ice 
cream in a few minutes!

Fighter planes: During World War II, American 
airmen put ice cream mixture in a can and tied it to 
their fi ghter planes. The can would get shaken and 
frozen when the planes fl ew at high altitudes.
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This is an alternative account of a 
historic experiment that has been 
passed through several generations of 
dogs by means of the legendary Pre-
Midnight Howl.

In the 1890s, a famous experiment was 
conducted in a dog-friendly laboratory in 
Russia run by the Nobel Prize-winning, 

bearded-and-hatted scientist Ivan Pavlov. 
It started out as a study of digestion in dogs, 
and ended up as a big breakthrough in 
people psychology.

Assuming that the internal workings of a 
dog were similar to that of a human1, Pavlov 
got a pack of dogs to sign up (using a paw 
print, of course) for an experiment which 
involved platefuls of meat in exchange for a 
small bit of surgery. Accordingly, the dogs got 
a device implanted in their salivary glands 
that collected their saliva — or drool, in dog 
language — in a test tube that Pavlov or 
his nerdy little assistant could remove and 
measure.

In his huge Experiment Room, Pavlov set 
each dog in a comfortable harness that 
prevented it from running around the room 
and interfering with other experiments.2 The 
dog was then served a dish of Meat Powder. 
The dog’s natural response while eating the 
food was to drool.3 Saliva would collect in 
the test tube, while Pavlov almost drooled 
himself as he measured its volume.

The dogs were intrigued at Pavlov’s saliva-
collecting spree and decided to perform a 
little experiment on him themselves. 

It was Krasiavetz’s ingenious idea. He 
drooled on purpose into his test tube when 
he saw Pavlov entering the Room around 
Meat Powder Time. This made Pavlov frown 
a little, as he collected a whole volume of 
saliva even before Krasiavetz was given any 
food. Dogs, as you know, are pack animals 
and so the others followed Krasiavetz’s 
lead. Clearly, Pavlov thought he was on to 
something as he began to take copious notes 
and glance at his watch as he frowned at test 
tubes full of saliva.

by Prabha Mallya

2 The harness was introduced after a dog hair got into a Petri 
dish holding a gooey gene mixture which would go on to be a 
human/bear hybrid embryo, eventually resulting in the Yeti. 
For security reasons, the creature was whisked away to the 
mountains where it lived a relatively uneventful life.
 
3 Saliva contains an enzyme that actually starts the process 
of digestion right there in the mouth as food is chewed. Very 
useful, that.

1 For man is indeed a dog’s best friend 
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The next day, Pavlov was rubbing his hands 
together in glee. “What happens when I do 
this?” he said as he rang a shrill little bell 
and presented Toi of the black eye patch 
with a plate of Meat Powder. Toi drooled, as 
that was obviously what the drool-collecting 
human wanted. Pavlov gave a little yelp 
of discovery and scribbled furiously in his 
notebook.

Sure enough, the other dogs exchanged 
winks and did the same as Toi. They wuffed 
heartily at the end of each day as they 
discussed Pavlov’s excitement over their 
secretions.

Eventually, Pavlov began to ring the bell 
but provide no food. Drooling seemed 
to be expected of them, and the dogs 
obliged in large quantities, being awfully 
hungry. Pavlov was almost beside himself 
with excitement. He began to mutter 
words like “stimulus” and “response” and 
“conditioning” while jumping about the 
Room wildly and scribbling even faster.

The dogs were faced with ringing bells, 
blinking lights, ticking metronomes – and 
even Pavlov’s nerdy little assistant playing 
a guitar at them – to cause them to drool, 
which they obediently did. But the ringing 
question was: Where’s all the Meat Powder 
gone? Krasiavetz, Toi and all the others 
were outraged and stopped drooling. This 
only caused Pavlov to scribble even more 
furiously.

Tungus the Righteous threatened Pavlov that 
he’d make a meal of the nerdy little assistant 
if he didn’t get his dinner that very instant. 
The great scientist gibbered in fright and 
served all the dogs a huge banquet of Meat 
Powder.

The dogs were released immediately. Pavlov 
decided that children were a safer subject for 
his experiments. Applications were invited 
from toothless one-year olds for the surgery 
and Meat Powder pact.

Pavlov never suspected that his experiment 
was well and truly rigged by his dogs. He 
went on to postulate that the human body 
learns to respond to absolutely any stimulus 
with any response that the body is capable of 
– even though the stimulus may not naturally 
cause that particular response. In layman 
terms – what on earth does a ringing bell 
have to do with drooling?

Ever since, countless people read about his 
fi ndings and eventually began to drool at 
ringing bells themselves. They had children 
who did the same. Think about it: doesn’t 
your tummy rumble and don’t you salivate 
copiously even before the school bell goes off 
at lunch time?.
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WHAT IS HE?!!  
Rumour says the noted food critic  
TV Mathur was struck by lightning 
as he sat to dinner one night...

W
mo
te
(w
th
br
do

Th
oe
wh
co
an
br
de
ch
pr
Th
sm
nu
th
Th
eli

by Sunando C

12

brainwave12.indd   14brainwave12.indd   14 10/17/2011   12:20:40 PM10/17/2011   12:20:40 PM



CAN ANYTHING SATISFY 
HIS ENDLESS HUNGER?!!!

They say the lightning affected 
his DIGESTION. Digestion  is 
the process of mechanical and 
chemical breakdown of food 
into smaller components that 
are more easily absorbed into 
the blood stream. 

Mathur’s appetite started to 
work like a BLACK HOLE!  A 
black hole is a region of space 
that absorbs everything 
including light. His digestive 
system absorbing and 
processing everything around 
him endlessly.

When we eat, food enters the 
mouth, and is chewed by our 
teeth. Chemicals in our saliva 
(which comes from 
the salivary glands) 
break this food 
down. 

The food then travels down the 
oesophagus into the stomach, 
where hydrochloric acid kills 
contaminating microorganisms 
and begins the mechanical 
break down of some food (e.g., 
denaturation of protein), and 
chemical alteration of some, 
producing  a thick liquid. 
This fl uid goes through the 
small intestine (where 95% of 
nutrients are absorbed) and 
then through the large intestine.  
The waste material is eventually 
eliminated during potty time. 

November 2011 1113
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You will need:
1) A big plastic bottle
2) Scissors

3) Twine or thin rope
4) Bird food

STEP 1
Draw two large window-like shapes on 
the sides of the bottle. 

You can have two or three windows. 

Smaller windows will discourage larger 

birds, so that the tinier ones like sparrows 

can feed in peace.

STEP 2
Cut out the windows neatly.y

BIRD FEEDER
FOR APARTMENT WINDOWS

by Chaitanya Krishnan
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Bird food

Squeeze the bottle through the 
window grill and hang it outside. Fill 
the bottom with bird food.

You can also add a couple of sticks to 
hang the feeder further away from the 
window.

STEP 3 OPTIONAL

Soil
Plant

If you don't like birds or if you like 
plants as well as birds, you can use the 
feeder to hang plants outside your 
window.

15November 2011
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Welcome to the Ig Nobel prize 
ceremony, where we honour 
achievements that make you 
laugh, then think.

Go
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Psychology, for trying to 
understand why people sigh.

Our research 
involved...

We found that the urge 
to urinate makes people 
think less clearly.

I started with a 
questionnaire... 

Medicine

This makes us 
hap‘pee’!

Our fi rst prize, the Ig Nobel for 
Physiology, goes to Anna, Natalie, 
Isabella and Ludwig for informing us 
that there is no evidence of contagious 
yawning in the red-footed tortoise.

Ig Nobel Awards 2011 Artist Somesh Kumar
Writer Aparna Kapur

I know, that’s 
boredom!

 And you’re 
frustrated!

NUTS
AND DOLTS

16
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Going by audience reactions, 
folks at the Ig Nobel awards 
mandated that acceptance 
speeches shouldn’t go beyond 
a minute. 

Peace, for effectively solving 
the problem of illegally 
parked luxury cars.

.

Public Safety, for determining the amount of attention that 
the act of driving requires.

Biology, for the discovery 
that a certain kind of beetle 
confuses a beer bottle for a 
mate.

Physics, for studying why 
discus throwers get dizzy, but 
hammer throwers don’t.

Can you guess 
which is which?

Thank you. Sorry we 
couldn’t make it.

I’ll say it was worth 
the trouble. 

Chemistry
We invented the wasabi emergency 
alarm. Now instead of hearing 
an alarm, people can react to the 
pungent smell of horseradish.
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When jackfruit trees growing 
on coffee and tea plantations 
in Coorg bear ripe fruit, the 
owners quickly strip the trees 
of their bounty and bury it 
deep. If they don’t do this, 
the plantations are likely to 
receive unusual, four-legged 
visitors trampling through the 
neat coffee and tea bushes: 
wild elephants from the 
surrounding forests, which 
love ripe jackfruits and can 
smell them from miles away.

Jackfruit Hullaballoo
Jackfruit is cultivated 
across south India. It’s the 
world’s largest tree-borne 
fruit, and each jackfruit 
can weigh up to 50kg! Only 
the central trunk and a few 
other sturdy branches can 
bear the fruit’s weight. How 
did it get its unusual name? 
The Malayalam word for 
the fruit is ‘chacca’, which 
became ‘jaca’ in Portuguese, 
and eventually morphed to 
‘jackfruit’ in English.

SHOE
BOX
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Extreme 
Nature by Radha HS
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Redwood High Burning River 
When tall buildings need 
water, we just pump it up 
using electricity. Redwoods 
are the tallest trees on the 
planet and go up to 30-storeys 
high, on an average. So how 
do they pump water up their 
barks? Scientists believe that 
when the seeds germinate 
into seedlings, they start 
building interconnected 
cell columns made of dead 
wood. In these cells, columns 
of water are built up and 
stored. As the tree grows, so 
do the columns. And even at 
the redwood’s peak height, 
it maintains incredibly tall 
columns of water from its root 
to every last leaf. The roots 
push the water up to 6-6.5ft 
(as high as a doorway in our 
houses) and then capillary 
action takes over. (Capillary 
action is at work when you 
dip the end of a paper napkin 
in water. The water tends 
to rise and wets the napkin 
as it is the nature of water 
molecules to stick together. 
So when water evaporates, it 
pulls up the molecules behind 
it.)

Capillary action actually wins 
against gravity, which by 
its very nature tries to pull 
down the water column. But 
scientists believe that things 
change at about 300ft, when 
gravity starts winning the 
tug of war. This is perhaps 
one of the reasons why trees 
generally don’t grow taller.

Water is used to put out a 
fi re, but what do you make 
of a burning river? River 
Cuyahoga, which drains 
into Lake Erie in Cleveland, 
USA, was on fi re many times 
through the 1950s, 60s and 
even earlier. The river was 
highly polluted with industrial 
waste, sewage and oil. There 
was no marine life in certain 
stretches of the river. Lake 
Erie was a giant cesspool of 
fl oating oil, debris and other 
effl uents which routinely 
caught fi re.

In fact, it was a 1969 fi re 
on the Cuyahoga that 
created awareness about 
environmental pollution in 
the US and underscored the 
importance of keeping water 
sources clean. The river fi re 
led the government to enact 
laws to stop the dumping of 
toxic wastes in water bodies 
and keep them clean..
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Start a
Vegetable Garden
Gardening requires patience, a love for the natural world and 
a keen sense of observation. It isn’t entirely a walk in the park, 
but it is hugely rewarding and a fun activity to introduce into 
your everyday life. 

Soil
Also, compost, mulch and 
leaf mould

Digging equipment
A trowel or two and your  
hands are all you need

Tomato seeds, petunia 
cuttings from the local 
nursery and sprouted garlic 
bulbs from your kitchen
Leave the garlic bulbs in 
storage for long enough that 
they begin to grow light green 
stems.

Containers
Trays with compartments for 
baby plants and cement pots 
which are wide and deep

Hose pipe
Or a watering/spray can will 
do just as well

Prepare the soil
How you prepare the soil 
depends a lot on the type of 
soil at hand. Ideally, the soil 
should be moist and crumbly 
and full of nutrients. If it’s too 
loose and sand-like or clumpy 
and clay-like, then it requires 
a lot of digging and repairing 
with compost and mulch. 

In a large wooden box, 
empty the soil and add coffee 
grounds and churned banana 
peels to it. These infuse their 
nutrients into the soil and 
help plants grow healthily. 
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*All these can be sourced from nurseries in the neighbourhood and household kitchens.

by Shyamli Panda
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Do not overcrowd the pot. 
Restrict the number of plants 
in each pot to 2 tomato plants, 
2 petunia plants and 2-3 garlic 
plants.

Do not over water.

Never bury a seed at a depth 
more than twice its size.

Mulch and water regularly.

Tomatoes, garlic and petunias 
make good friends.

l 
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r 

Prepare the containers

The nursery
Sow in 2 to 3 tomato seeds 
in each tiny soil bed in the 
tray. They need a little bit of 
watering every day and shade 
for 6-8 weeks. Once the plants 
grow up to 4-6 inches, they 
are ready to be moved to the 
bigger pot. 

The pot
With a trowel, dig holes in 
the top part of the soil. These 
need to be as big as the 
individual compartments in 
the tray. Carefully remove the 
plants from the tray with the 
soil beneath them intact. 

Place the plants into the 
holes and press down the soil 
around it. 

Pots
Put 1 cup of soil and the same 
amount of leaf mould and 
compost mixture into the pot. 

Repeat this process till the pot 
is almost entirely fi lled up. 
Press down on the soil fi rmly 
with both your hands. 

Leave this mixture to sit for 
10 days and water regularly.

Trays
Fill the tray compartments 
with 2 parts garden soil, 1 
part sand and 1 part compost 
and leaf mould mixture.

Garden soil

2 Garden soilSand

Compost and 
leaf mould

Compost and 
leaf mould

+

+

++

GarGar

In the middle of the saplings, 
plant petunia cuttings, 
suffi ciently deep and press the 
soil around. Water lightly. 

Finally, place a few sprouted 
garlic cloves in the leftover 
space keeping enough space 
between the plants.  
Now, move the pot to a place 
which is warm, moist and gets 
adequate sunlight. In just 2 
to 3 months, the plants will 
start fl owering and eventually 
produce fruit. 

Petunias protect crop 
from diseases and insects. 
So you don’t need to use 
pesticides!.

ens.

Helpful Tips
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Here’s a photograph we 
clicked of ‘Flapperino’. We 
obviously caught the puny 
creature by surprise as it 
was fl uttering through a 
fi eld of bright red poppies.

Notice carefully, and 
you’ll see that this strange 
creature is actually made 
from parts of an animal, a 
bird and an insect.

See if you can tell what 
these creatures are. Log on 
to bwmag.in to see the mash 
monster revealed.

Flapperino
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I love to eat fi sh! But despite 
being a fi shivore (err…
that’s a term I just coined), 

I never really wanted to know 
more about what I found 
on my plate. My knowledge 
was limited to commonly 
served fi sh like red snapper, 
tuna and cod. But all this 
changed when I attended a 
talk last month, ‘From reefs 
to restaurants: the hidden 
cost of luxury seafood’, at 
the Students Conference for 
Conservation Science in IISc, 
Bangalore.

Dr Yvonne Sadovy, a biologist 
from the University of Hong 
Kong, who was presenting 
the talk, started her career 
two decades ago, when 
marine fi sh were thought to 
be ‘plenty and inexhaustible’. 
But over the years, she and 
other scientists studying 
marine ecosystems around 
the world, realised that this 
was certainly not true.

Over the last fi fty years, 
increasingly advanced fi shing 
technology and growing 
demand among consumers 
have led to the exploitation 
and dwindling of fi sh stocks. 
Sonar technology, better 
engines, stronger nets and 
faster boats meant that 

Everything you wanted to know about conserving fi sh in the sea

by Divya Panicker

fi shermen could venture 
further into the sea and fi sh 
in remote places in the ocean. 
This increased the overall 
fi sh catch till the 1990s, and 
then the numbers fl attened 
out. It was then that people 
understood that there was a 
limit to the fi sh available in 
the sea.

But why aren’t endangered 
fi sh replenishing their 
numbers, you might wonder. 
The answer lies in the fact 
that marine fi sh are as 

diverse as land mammals, 
and like land mammals, they 
too have different life cycles. 
For instance, an elephant 
gives birth to one young cub 
at a time and takes a few 
years to raise it, whereas 
a mouse reproduces very 
quickly. So if we were to kill 
many elephants, it would take 
decades for the population 
to bounce back. On the other 
hand, mice would take only 
1-2 years to return to their 
original numbers. 
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SOMETHING FISHY
KINGDOM
ANIMALIA

A small coral reef grouper, the Cephalopholis miniata or the coral hind, does not 
aggregate to spawn. Photograph by Yvonne Sadovyn 

sh 
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Similarly, in the marine 
world, the goliath grouper 
takes 30-40 years, while 
sardines take about 1-2 years 
to multiply. So the goliath 
grouper cannot be 
harvested at the same rate as 
sardines.
 
Yvonne’s talk also educated 
me about another fascinating 
occurence: that of ‘spawning 
aggregations’ (groups of 
marine fi sh which come 

together to breed). Yvonne’s 
research has shown that fi sh 
from miles and miles away 
come to a particular place 
every year to reproduce. 
Usually, solitary species 
(which prefer to be on their 
own rather than in shoals) 
like groupers come in the 
hundreds and remain in 
one place for a few days, 
where the females and males 
simultaneously release 
their eggs and sperm. These 
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Plectropomus leopardus or the 
leopard coral trout is a big part of the 
live fi sh trade in China and spawns in 
aggregations. Photograph by Yvonne Sadovy

Pictured here is the camoufl age grouper  
or the Epinephelus polyphekadion in 
a spawning aggregation in Fiji. The 
female in the picture is ready to lay eggs. 
Photograph by Stanley Shea
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eggs and sperm fuse, only 
to be taken away by the 
fast currents of the ocean. 
The very, very lucky ones 
survive and make a home on 
some reef. After these fi sh 
reach maturity, they return 
to the same spawning sites 
to do the same thing their 
parents did. How do they fi nd 
these places? What causes  
hundreds of fi sh to come 
together at the same time? 
What makes these sites so 
special? All of this remains a 
mystery.
 
There’s a fl ipside though. 
Spawning sites are a gold 
mine for fi shermen. We know 
that giant yellow croakers, 
which spawn in the estuaries 
of China, have fallen prey to 
fi sheries in the region. Not 
only have these fi sh become 
rare, they might well become 
the fi rst marine commercial 
fi sh to go extinct.

 
Luxury trade in live fi shes 
is also another worrisome 
practice that comes at a heavy 
price. Live fi sh are typically 
traded all over Southeast 
Asia as a luxury item, where 
their consumption is on the 
rise.  For example, 90% of 
Honk Kong’s fi sh comes 
from the Indopacifi c Ocean. 
Live fi sh are bought from 
thousands of small-scale 
sellers from many places and 
are consolidated over a week 
or month, till tons of fi sh 
are collected in Hong Kong. 
These go to distributors and 
restaurants and fi nally reach 
the consumers who have a 
false notion of plenty. But the 
reality is that since the 80s 
and 90s, traders have had to 
go further across the ocean to 
meet the increasing demand.
 
Who is to blame for this fi shy 
mess? The fi shermen who 
are trying to make a living? 

The tech-savvy commercial 
fi sheries? Or people like me 
who love to eat fi sh?
 
The Society for Foundation 
of Reef Fish Aggregations 
(SCRFA), of which Yvonne is 
a member, suggests adopting 
sustainable practices like 
having a seafood guide, 
which tells consumers what 
to avoid eating according to 
breeding seasons. The society 
also educates fi shermen 
about the dangers of fi shing 
from spawning aggregations, 
and is trying to make these 
sites marine protected 
areas. Finally, the society 
recommends eating locally 
caught fi sh. This way, the 
population of fi sh in other 
regions does not get over-
exploited..

Busting Marine Myths
Myth: Marine fi sh can never be 
threatened with extinction as 
they lay many eggs and the sea 
disperses it far and wide.
Reality: Even though it is true 
that marine fi sh lay many eggs, 
research has shown that a 
majority of these eggs do not 
survive.
 
Myth: Mariculture (rearing 
of marine fi shes) will solve 
overfi shing and all our seafood 
needs.
Reality: Mariculture has failed 
to act as a proxy for marine 
fi sheries. It’s role has only been 
one to supplement the fi sheries

November 2011 25
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The Nassau grouper is a threatened species. It is seen here in a large spawning 
aggregation in the Cayman Islands. Photograph by Philippe Bush
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B/W
LABS 

WHO 
DOESN’T ♥ 
CARAMEL?

In which a professional chef 
reveals the tricks of fl ambéing 
and caramelisation. Psst, 
readers, you can try this at 
home!

The 1950s are best 
remembered for the 
emergence of rock-n-

roll and the beginning of the 
Space Race when the Soviet 
Union launched Sputnik I. For 
us culinary geeks, a.k.a chefs, 
it also marks the decade that 
saw the birth of a popular 
dessert.
 
In 1951, Chef Paul Blangé 
was given a challenge by his 
boss Edward Brennan, owner 
of the famous Brennan’s 
restaurant in New Orleans, 
Louisiana, USA. New Orleans 
had been witnessing a sudden 
infl ux of large quantities of 
bananas from central and 
South America, and Brennan 
wanted his chef to include the 
fruit in a new dessert. And 
so the ‘Bananas Foster’ was 
born – a dessert which gained 
popularity in New Orleans, 
and around the world.

 

by Thomas Zacharias

The fl are and drama 
involved in preparing this 
special dessert, which 
uses the fl ambé method, is 
characteristic of the soul 
of New Orleans. But what 
makes this dish taste utterly 
delicious is the complex 
process of browning the 
sugar better known as 
‘caramelisation’.
 
Caramelisation is a process 
involving several chemical 
reactions that occur 
simultaneously to produce 
not just a change in colour, 
but also a nutty fl avour 
and aroma. It happens 
when sugar is heated to 
a temperature beyond its 
melting point (200° C for 
sucrose). The fi rst step in 
caramelisation involves the 
breaking down of sucrose 
sugars into fructose and 
glucose, which releases 
the characteristic caramel 
aroma. The second step is the 
condensation polymerisation 
and dehydration in which the 
individual sugars lose their 
water molecules and react 
with each other to produce a 
dark brown colour.
 
The complexity of the 
caramelisation process and 
the mixture resulting from it, 
is what makes the fl avour of 
butterscotch more interesting 
than the mere sweetness of 
sugar.. 

Thomas Zacharias is a chef at 
Olive Bar & Kitchen, Mumbai

Recipe for Bananas Foster
(Makes 4 portions)
 
Ingredients
1 cup
           

¼ cup              

½ teaspoon      

4              

¼ cup              

4 scoops

Method
1. Peel the bananas. Caution: 
Please discard the banana 
peels carefully. Leftover 
peels are slippery and can 
be a pain in the backside, 
literally.
2. Slice the bananas 
lengthwise using a sharp 
knife and keep aside.
3. Place a large sauté pan 
on the burner and ignite the 
fl ame. 
4. Add the brown sugar 
and allow it to melt at 
medium heat, while stirring 

Brown or Demerara 
Sugar

Butter

Cinnamon Powder

Ripe Bananas

Dark Rum

Vanilla Ice Cream
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constantly. 
5. Once the sugar starts to 
melt, add the butter and 
cinnamon and continue to 
stir. 
6. At this stage, the sugar 
begins to caramelise. The 
colour turns to a deep brown 
and a nutty fl avor begins to 
develop. 
7. Add the bananas and 
continue to cook gently for a 
few minutes.  
8.  Once the banana slices 
have softened, add the dark 
rum and increase the heat. 

Tilt the pan slightly and bring 
the tilted end near the fl ame 
so that the rum ignites. This is 
called fl ambéing. 
9. Once the fl ames subside, 
spoon the bananas and the 
serve onto bowls.  

Utterly-butterly Trivia
16,000 kilograms of bananas 
are fl ambéed every year at 
Brennan’s restaurant.
The dessert got its name 
from Stephen Foster, a local 
businessman who was a good 
friend of Edward Brennan and a 
frequent patron of Brennan’s.
Caramel should be handled 
carefully while cooking, as 
caramelisation starts at very 
high temperatures. Avoid 
dipping your fi nger into hot 
caramel at all costs!
There are traces of as many 
as one hundred sweet, sour, 
and bitter compounds created 
during caramelisation, including 
biacetyl (C

4
H

6
O

2
), which has a 

warm buttery scent. 
Refi ned sugar was invented right 
here in India, more than two 
thousand years ago! Sweeeet!

For safe fl ambéing tips, go to 
the link: homecooking.about.
com/od/specifi cdishe1/a/
fl ambetips.htm.   

10. Place scoops of vanilla ice 
cream on top. 
11. Sprinkle some cinnamon 
on top and serve immediately. 
(Unless you like your ice 
cream completely melted.)
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SPECULATIVE
FICTION

While Zino made no secret of the fact 
that he thought the commander 
a monster, it was only his wife 

Rita who knew about his feelings. It was an 
important space mission, a spacewalk to 
repair a space station, and there could be no 
hint of discord between its two members – 
Zino and the commander.
 
Zino hated it all the time he was in training, 
the two of them thrown together in the 
narrow capsule. Worse, Zino hated the 
publicity the commander chased after – he 
would even insist on speaking to the press 
himself, being the senior member of the 
team.
 
“Stop getting stressed,” Rita told him. 
“Concentrate on the mission, it’s important.”
 
But Zino was already bitter. The commander 
had more experience and the way he walked 
in zero gravity-simulated conditions was 
breathtaking. He could almost be fl ying, 
like a graceful albatross soaring across long 
distances. Zino stopped his spiralling train 
of thoughts – nonsense, he told himself, he 
hadn’t ever seen an albatross! But the fact 

remained that he hated the commander and 
all the attention he was getting.
  
Soon, the big day came and the two men 
strode out to the tarmac and towards the 
space capsule. Zino hated the way the 
commander posed for pictures, arm around 
him, introducing him as a junior colleague. 
He was also furious that he wasn’t doing 
the spacewalk. An announcement had been 
made earlier that the mission chief, the 
commander, would be doing it.
 
Finally they were off, and the moment for the 
spacewalk came. Zino heard a voice from 
the control tower giving directions. The door 
opened and he saw the commander step out. 
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The wire holding the commander close to 
the capsule was stretched taut. But the next 
moment, the wire came loose and looped 
around him as he rolled forward and fl ew 
out the door, waving his hands in surprise. 
This was the last image that the cameras on 
the capsule caught of the commander. No 
one had observed Zino, sitting away from the 
gaze of the cameras, snapping the safety wire 
loose. He watched the commander fl oating 
away, as he was sucked up into the infi nite 
vacuum of space. Then Zino had informed 
the control tower that there had been an 
accident.  
 
It was Zino who did the spacewalk then, as 
emergency procedures mandated. On his 

return, he received a hero’s welcome. To 
everyone who asked, he said that he missed 
his commander.  
 
That night, after the celebrations ended, 
Zino went home late. An hour after, Rita 
reported his disappearance. “He said he saw 
someone high up on the skyscraper opposite 
to us, the Trade Tower, and went to check. 
And then I didn’t see him again,” Rita told 
the police.
  
The police tried to piece together the 
mysterious events, but they couldn’t be 
sure. Zino’s neighbours said that it was 
diffi cult to tell if anyone had been up on the 
101-storeyed Trade Tower since it had been a 
dark, cloudy night. When the police quizzed 
Rita about her husband’s state of mind, she 
said that he had been restless and excited. 
“The sensation of weightlessness hadn’t 
left him. And then he walked out and never 
returned.”
 
Bizarrely, they never found a body.
 
Days later, an amateur space observer 
called the police. He said he was calling 
from a radar station located on a faraway 
island. The scientist reported that he had 
seen what looked like two people wrestling 
with each other in the deep reaches of space 
through his telescope. It was a fascinating 
contest, he said, describing the image of two 
weightless fi gures lunging at each other. 
One of them seemed to have a loose wire 
trailing after him..
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What did you think of this story? Write and 
and tell us at  brainwave@ack-media.com
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TOP
TEN

THE WORLD’S 
WEIRDEST

 FOODIES

Hello Readers!
We’re back with another countdown of 
weirdos. This time, we look at creatures and 
contraptions with shocking appetites – the 
planet’s most impressive gluttons. You’ll 
notice that it’s not just how much they eat, 
but also what they eat that gets them into 
the Brainwave hall of infamy.

by Sangeeta Bahuguna

TRAINEE SUMO WRESTLER: Did you know that 
a young man who’s preparing to be a Sumo 
wrestler has to eat 70-80kg of food a day? Now 
imagine eating three buckets of stew, three 
washbasins of rice, one bedside drawer of sushi, 
two cushion-sized portions of meat, one large 
shopping bag of veggies and 20 ladles of sweet 
syrup every day!
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the Brainwave hall of infamy.

by Sangeeta Bahuguna

LAMBORGHINI MURCIÉLAGO: This awesome 
sports car that goes from 0-100 in 3.2 seconds 
and hits a top speed of 342kmh is one of the 
planet’s top-ranking petrol guzzlers. It gives only 
3km per litre, making its fuel needs equal to that 
of a mid-sized cruise liner. It needs as much fuel 
as something 100 times its size.

TIGER SHARK: The Earth’s best example of a junk foodie, the tiger shark’s also known 
as the vacuum cleaner of the ocean. It keeps its jaws open for almost 18 hours a day, 
swallowing anything that crosses its path, including cans, tires, baseballs, rubber 
dinghies. Only 30% of what it swallows is of nutritional value. Much like the average 
teenager huh?

IRON MOUNTAIN PAPER SHREDDER: The world’s largest machine is roughly the size 
of a cricket stadium and demolishes 200 tonnes of paper a day. Imagine two stacks of 
newspaper, each the size of the Qutb Minar – that’s how much paper this mechanical 
foodie processes per day!
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PYTHON: This snake eats a whole month’s quota of food in one gulp! It can stretch its mouth 
to ten times its normal size, swallow rabbits and goats in one go and not have to bother about 
food for the rest of the month. If you could swallow like a python (which basically means that 
you would have to open your mouth wide enough to swallow a watermelon in one gulp), you’d 
save about 48 hours every month in chewing time – that’s two whole days of extra playtime.

VAMPIRE BAT: Easily the most bloodthirsty foodie of the 
planet, this bat’s diet only consists of blood. As a matter of 
fact, it drinks two times its body weight in blood every day. 
To match this feat, a human being would have to drink more 
than a bathtub of blood a day.

VULTURE: This bird is a superhero among foodies because it can eat poison and not 
die. With a diet of sick and rotting animals, the vulture can withstand the deadliest 
viruses and bacteria and large quantities of toxins like anthrax and botulinum. To 
draw a quick comparison, one pill-sized dose of anthrax, can cause paralysis in a 
healthy human within an hour.

BABY PANDA: Don’t let its cute looks fool you – the baby 
panda has gross food habits. Its main course is huge amounts 
of bamboo and the second course is large quantities of its 
mother’s poop! It does this to gain bacteria that help break 
down the cellulose in the bamboo. 

ARGENTINE WIDE-MOUTHED FROG: This is perhaps 
the only creature on Earth that dies while eating. Bad 
enough that they’re cannibals, but what’s worse is 
that they choke to death while trying to cannabalise a 
frog that’s bigger than them. Sometimes they manage 
to swallow a bigger frog, but die a few minutes later 
when their stomachs burst!

CATERPILLAR: And the foodie crown goes to the caterpillar whose only purpose in life is to eat! 
It doesn’t rest, hunt, fi nd a mate, make a home or reproduce like other creatures. From the 
moment it hatches, the caterpillar starts eating. Within 20 days the caterpillar grows 10,000 
times bigger. If a human baby could do this, it would be as big as the Empire State Building 
within 20 days!.
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A rumble 
that makes you 
grumble
Artist Somesh Kumar
Writers Aparna Kapur 
& Dr Jandeep Banga
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Solution to Cross Section, 
Issue 11: “Virtual Realities”

SOLUTIONS
AND WINNERS

Respected Brainwave team,

Thank you so much for the 

astroscope that I got from you. 

I got it in UAE and we are 

unable to view many stars here 

but I enjoy hunting in my room 

and in my balcony.

George Zacharia
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Resul Pookutty’s struggle-story sets an example for all of us and especially for today’s youth who aspires for overnight success.
Madhurima Bharati
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CUT
PASTE

I like Brainwave very much.
Upagya Manandhar

BUGS!!

Trivia

If you feel drawn to the stars and fi nd yourself 
thinking of ways to explore outer space, then 
you absolutely must enter the ‘YouTube Space 
Lab Competition’. Along with Lenovo, NASA and 
the European and Japanese space agencies, 
YouTube is inviting everyone between the ages 
of 14 and 18 to design and send in their own 
space experiments. Once you’re sure that your 
experiment is scientifi cally sound, make a two-
minute video explaining it and upload it on YouTube 
before December 7, 2011. An impressive panel 
of judges, which includes Stephen Hawking 
and Guy Laliberté, will pick two winners. Their 
experiments will be conducted and streamed live 
at the International Space Station! Winners will 
get a choice to either travel to Japan to watch their 
experiment in action or have an experience of a 
lifetime at an astronaut training center in Russia 
when they turn 18!

For more details, visit the following links:
http://www.youtube.com/spacelab?feature=inp-
pr-space
http://www.good.is/post/youtube-space-
lab-competition-will-blast-teen-science-
experiments-into-orbit

Black pepper, eggplant and jackfruit are amongst 
the foods that originated in India.

The fi rst major instance of canned food occurred in 
1809 when a French confectioner Nicolas Appert 
found that food closed in a jar does not spoil as long 
as the seal remains intact.

Rice is the staple for about half the world’s 
population. 

Daily Dump presents an opportunity to explore the 
fascinating lives of bugs! A two-hour interactive 
workshop for 4 to 12-year-olds, with activities and 
story-telling sessions, will take participants a step 
closer to understanding how the bugs around us 
live and help us.

The workshop is on November 12, from 11am 
to 1pm at Mother Earth, Domlur, Bangalore. 
The workshop can accommodate only 30 kids, 
and each must be accompanied by a parent. 
You can register for a fee of Rs 200, by calling 
09916426661 or emailing dailydumpcompost@
gmail.com.

For parents, there will be a free consultation on 
waste management after the workshop.

Competition 
Alert!

I like the issues of brainwave 

very much. They let me know 

about science very early. I like 

the cover stories, interviews, 

kingdom animalia and the two 

comics very very much!

Ryan Das

-
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Easy

Medium

Difficult

CROSS
SECTION

ACROSS 
1. Grows in paddy fi elds (4)
3. Starch extracted from the pith of palm stems (4)
6. Penne, or macaroni for instance (5)
7. Consume (3)
8. Essential nutrient in a healthy diet (7)
10. Like it scrambled, poached or boiled? (3)
11. Nut from the oak tree (5)
13. ____oxidants help prevent disease (4)
14. Cole ____ - cabbage salad (4)

Send us your completed crosswords and 
give us your feedback! Write to 
brainwave@ack-media.com. 

by Veena Prasad

DOWN
1. Fruits taste best at this stage (4)
2. Lettuce (3)
4. Wheat, or oat for instance (5)
5. Tropical fruits, rich in 8 Across (7)
8. A diet without meat, eggs or dairy products (5)
9. Eat like a rat (4)
12. You fry chips in this (3)

1 2 3 4

5

6 7

8

9

10 11 12

13 14

From fi eld to fork
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p06 Honeycomb: a structure of 
hexagonal cells

p08 Molecular gastronomy: the use 
of scientifi c principles and practices in 
cooking and food preparation

p09 Viscous: substance with a thick, sticky 
consistency

p10 Hybrid: the result of crossbreeding 
two different species, combining the traits 
of both

Embryo: the stage of an animal when it is 
growing in an egg or in its mother’s body

Enzyme: a protein that speeds up a 
biological chemical reaction

p11 Metronome: a device that produces 
ticks at regular intervals, used to mark the 
tempo in a piece of music

p19 Germinate: begin to grow out of 
seeds and spores

Effl uent: fl ow of liquid waste

NOTES

p20 Compost: decayed plant material put 
on soil to provide nutrients

Mulch: shredded vegetable matter used 
to cover the top layer of soil to protect or 
decorate it, or to discourage weeds or retain 
moisture

Coffee grounds: the dregs that remain 
after coffee has been brewed

p26 Condensation polymerisation: a 
reaction in which many small molecules 
combine to make one large polymer

Saute pan: a round cooking pan with a 
long handle and a tight-fi tting lid

p28 Spacewalk: any activity by an 
astronaut in space, outside a spacecraft or 
space station

Tarmac: paved areas of an airfi eld where 
planes park or maneuver

p28 Cellulose: a complex carbohydrate 
that is present in most plants

Cannibals: animals that feed on their own 
species
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As you hold the twelfth issue of Brainwave, 
we’d like you reminisce and tell us —

What do you think of Brainwave? 
How would you like us to improve 
the magazine?

Send us your opinions in less than 100 words 
to brainwave@ack-media.com. 
The most creative, entertaining and 
constructive ideas will win exciting gift 
hampers!
Last date for entries is 12th December 2011.

CO
NT

ES
T!
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p06

p05
 Bloodsuckers!
p23

 Sea Monsters!
p37

 Noodle Maths!

p16
 Biomimicry! 

      & Tons More!
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For 8 to 12 year-olds,
but there’s something for 
everyone!

From 18th to 22nd January, 2011 
(Open to the public on the 21st 
and 22nd)

To register, call Hippocampus:  
080-25630206 or 080-41101927

For more information 
about Curiouscity, visit                              
www.curiouscity.org
or call Shonali at 99801-03061

The programme has been 
developed by Dr Utpal 
Chattopadhyay, Dr Sukanya 
Sinha and Dr Shonali Chinniah 
from Curiouscity, with the 
support of Hippocampus and 
Brainwave.
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Dear Reader,

Water is a truly wondrous substance. This 
innocuous combination of hydrogen and oxygen 

has made our planet — above all others in our solar 
system — uniquely suited to sustaining life. It has 
birthed a long evolution of incredible creatures, us 
included. It drives our biologies, our seasons, our 
economies and pretty much everything in between. 
It’s hard to imagine what we’d do without it. And yet, 
today, imagine such a horrible possibility we must. 

They say that the wars of the future will be fought 
over water, not oil. That future doesn’t look very far 
off. Even as global warming and deforestation melt the 
ice caps and raise the sea levels, the world’s supply of 
fresh water is rapidly drying up. Water everywhere, 
nor any drop to drink. It’s a frightening bit of irony.

Science, as always, presents a way out of every 
mess. In this issue of Brainwave, we take a deep, 
icy plunge into the science of water: and by better 
understanding it, we may, who knows, even learn to 
save our desperate futures.

In other, happier news, I’m delighted to announce 
that Brainwave has just completed one year of 
existence. (If the fi rst year alone was so amazing, 
imagine the awesomeness of what’s still to come!) And 
this holiday issue, dear Reader, is our little birthday 
celebration. Come on in, make yourself at home, pour 
yourself some punch and have a slice of cake. Please 
don’t stand on ceremony: it’s a party!

   Scientifi cally,
 Vinayak
 vinayak.varma@ack-media.com

The Birthday Issue

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd Floor, 6th 
Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati Bapat Marg, 
Lower Parel, Mumbai - 400013

Copyright © 2011, 
Brainwave. All rights 
reserved.

Cover artwork by 
Bombay Duck Designs

Contributor portraits by 
Upasna MehndirattaPrinted at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji Konddeo 

Cross Road, Between Sussex and Retiwala Industrial Estates, Byculla East, 
Mumbai - 400027. 
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To make a coin pump, 
you will need: 

Pump it Up
1. Stick a small plastic fl ap over 
the bigger hole in the bottle 
cap. The fl ap should open and 
close like a hinge.

4. Pierce the lid of the fi lm 
can through the cycle spoke, 
and fi t it onto the can.

5. Place the bottom of the fi lm 
can in water. You can pump 
water by moving the cycle 
spoke up and down..

How it works: 
What you’ve created is the simplest form of a pump that needs only 
two major parts to work — a valve and a piston. A valve regulates 
the fl ow of water by opening and closing. The piston is contained in 
the cylindrical part of the pump. When it moves, it increases pressure 
inside the cylinder and forces the liquid out. In this case, the spoke acts 
like a piston and the fl ap on the bottle cap acts as a valve.

2. Using the two spoke nuts, 
fi x the bicycle spoke in the 
centre of the bottle cap.

3. Put the coin into the fi lm 
can. Next, place the bottle 
cap, with the spoke in it, into 
the can as well.

Method:

by Arvind Gupta  
(www.arvindguptatoys.com) 
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• An empty fi lm can: Make 
a small hole in the centre 
of its lid, another one near 
the top edge of the can and 
a large hole (with a 2cm 
diameter) in its base.

• A coin
• A plastic bottle cap: Make 

a small hole in the centre, 
and a slightly larger one 
closer to the edge.

• A bicycle spoke*
• Two bicycle spoke nuts A
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*You can fi nd spokes and spoke nuts at a cycle spare parts shop.
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As someone who is constantly swatting 
and slapping at mosquitoes while 
others remain untroubled, I have a 

related question myself: why me?! But fi rst, 
the mosquitoes.

Mosquitoes (and insects in general) don’t 
have a circulatory system like ours. They 
have no blood vessels, nor do they have 
what we call ‘blood’. Instead, they have a 
greyish fl uid in their body cavities called 
‘haemolymph’ which does some of the work 
that blood does in our bodies. (Haemolymph 
is that gooey stuff which oozes out when you 
accidentally step on a cockroach.) Moreover, 
the blood that mosquitoes consume gets 
digested into nutrients. For all these reasons, 
it may not be relevant to talk about mosquito 
blood groups. 

Also, not all mosquitoes feed on blood. They 
usually survive on plant nectar, but need 
protein-rich blood to produce eggs. Since it 
is only the female that lays eggs, it is only the 
female mosquito that bites. The guys are all 
vegetarian!

Human blood was classifi ed in 1901 
by Austrian-American biologist, Karl 
Landsteiner. He discovered that humans had 
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Revanth Kausikan 
asks, “What is the blood 
group of a mosquito, 
given that it sucks blood 
from everyone?”by Srinath Perur

different blood types that had to match up 
for blood transfusion to work. Landsteiner’s 
studies have led to the creation of the well-
known ‘ABO system’ which slots blood into 
four groups – A, B, AB and O. Each type is 
determined by either the presence or the 
absence of certain sugar-based molecules on 
the surface of red blood cells. 

Coming back to mosquitoes, researchers in 
the 1970s found that these insects were most 
attracted to people with the blood group O. 
A Japanese research group confi rmed this in 
2004 by having volunteers of different blood 
groups stick their arms into an enclosure 
fi lled with mosquitoes. (Ouch!) They found 
that those with the blood group O were 
two times more attractive to mosquitoes 
than those with the blood group A. This 
is because we secrete small quantities 
of sugar-based substances through our 
skin according to our blood group, and 
mosquitoes like the smell of some of us more 
than others. So all the jokes about some 
people having sweeter blood might be true 
after all. But this is small consolation if your 
blood group is O, as mine is..

ASK US
WHY

Vampires 
of the Bug 
World
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Water World

06

In which we splash 
around with sea 
monsters, leap 
with dolphins, ride 
submarines and learn 
about saving water.
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Humans are big drinkers. We need 
millions of litres of water to drink, wash, 

grow our food, run our factories, and build 
our cities. Although we live on a very wet, 
very blue planet, most of the Earth’s water 
is salty (a whopping 93% of it!). Only a small 
fraction of water is fresh and usable, and we 
utilise it for almost everything we do. In the 
future (we are 7 billion people now!), we 
will need more and more water to support 
ourselves, and will also need to leave enough 
for animals, plants and other life on Earth. 
But the tricky thing is that we have the same, 
fi xed amount of freshwater that has been 
around since dinosaurs roamed the planet! 
That’s why we need to sit up and take notice 
of how much water we have left and how 
we’re going to use it.

Why is there so little of it?

Water moves continuously, above and below 
the Earth’s surface, changing from water to 
water vapour, only to come down again as 
rain and snow (this is called the hydrological 
cycle). This is why we have a limited amount 
of freshwater available on our planet at any 
given time.

LIFE BY THE DROP
by Samyuktha Varma

There may be water on Mars. But 
it will be a very, very distant future 
when Martian water can fl ow 
through our taps. Right now, on our 
own planet, water is a scarce resource 
that keeps us and every other living 
thing alive. Here’s what we need to 
know about preserving water

Where does your drinking water come from?
Lakes . Rivers . Ponds . Clouds and rain . 
Glaciers and ice caps . Underground aquifers 
(layers of rock or soil below the ground, from 
which water can be drawn)

Village girls carry water home. Photo by Samyuktha Varma
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(Top) A desalination pipeline collects water. Photo courtesy of 
Prillfi sh.at ; an engineer takes an hourly temperature reading at 
an Ascension Island desalination plant. Photo by Lance Cheung

We draw water from rivers and underground 
sources by building dams and canals and 
digging wells. Then we store this water in 
tanks and reservoirs so that we can use it 
whenever we want. But since the Earth is hot 
and dry in some places and wet and humid 
in others, not every place on the globe has 
enough water all the time. In places where 
water is in short supply, it is more expensive 
and diffi cult to fi nd and store.

In parts of the world where water is scarce, 
people spend hours collecting it from the 
nearest well or river, which may not be 
very near at all. Often, women and children 
are put in charge of this work, and end up 
carrying heavy buckets of water for long 
distances. In parts of Africa, for instance, it 
can take up to fi ve hours to fetch water!

When rivers run wild

We depend on water from rivers to grow 
food and keep cities and factories going. All 
the big rivers in Asia – the Ganges, Indus, 
Brahmaputra, Mekong, Yellow River and 
Yangtze – start fl owing from glaciers in the 
Himalayan mountain range. These rivers 
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fl ow through and support life in the most 
densely populated parts of our planet: India 
and China. Scientists believe that climate 
change and the warming of the Earth have 
started melting the Himalayan glaciers. 
When these huge glaciers melt, they cause 
large quantities of water to fl ow through 
the rivers and streams that they feed, and 
this can cause fl oods that can destroy farms, 
homes and lives.

Sadly, the world’s rivers are also often 
used to dump wastes. Sewage, waste from 
factories and pesticides from farms end up 
fl owing into our rivers and polluting them. 
All of these must be removed from the water 
before it is safe to drink. But rivers also 
support a variety of plant and animal species. 
Hazardous wastes can ruin the habitats of 
fi sh, dolphins and other aquatic life.

Boys in Allahabad lounge on a bench after the Ganges fl ooded 
their city. Photo by Barry Pousman
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More Watery Stuff
Play games and learn how to save water: 
http://www.wateraid.org/uk/learn_zone/
default.asp
Neat project ideas: http://www.schools.
indiawaterportal.org/

at 
g

(Top) An African woman fi lls her bowl with dirty, undrinkable 
water. Photo by Pierre Holtz/UNICEF; chicks huddle around a 
warm lightbulb in a chicken farm. It takes a global average of 
3900 litres of water to produce 1kg of chicken meat. To fi nd 
out how much water you consume daily, visit 
www.waterfootprint.org. Photo by Larissa Sayer 

You drink what you eat

Have you ever wondered how much water it 
takes to grow the things we eat? About 70% 
of the world’s freshwater is used to grow 
food! 

If we were to think about the amount of 
water it takes to grow the food we eat, we 
would realise that when we throw away 
food, we are also wasting water. It takes 
more water to produce meat than it does to 
produce vegetables. When we waste meat, 
we are throwing away all the water that has 
been used to feed and raise the animal we 
are eating. So make sure you fi nish your 
chicken. 

Dirty water is a killer

Most of us are lucky enough to open a tap 
and have water gush out when we want it. 
But huge numbers of people in our own 
country, and others in Africa, do not have a 
steady source of clean water.

Every year, millions of children get sick and 
die of diseases carried by poor-quality water. 
Most of these diseases can be easily treated 
and prevented by simply washing hands with 
soap. Providing clean water to all the places 
around the world can prevent millions of 
children from getting sick.

Getting out of hot water

Although we can’t really grow more water, 
there are ways to save and reuse water 
(called ‘conservation’) with common sense 
and science. There are many things you can 
do to save water at home, like collecting 
rainwater and using it to wash vessels or 
water your garden. You can also save water 
if you don’t waste too much of it when you 
wash your hands, brush your teeth or bathe. 

And there is hope for the future. Cool new 
technology like ‘desalination’ will allow us 

to remove salt from seawater so that we can 
drink and use it. But these are expensive 
processes that cannot be used everywhere 
yet. So we still need to do our bit to conserve 
the water resources that we have. Until then, 
turn off that tap tight and eat all your food..
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1760. The parish of  Mill Hill Chapel , in 
Leeds, England , had a new pastor, Joseph 
Priestley. It was a part -time job. And thanks 
to a caring wife , he spent most of  the rest of  
his time conducting experiments as was the 
duty of  a curious mind such as his.

Priestley and his scientifi c 
kit were found to be most 
curious at the beer brewery 
next door to his house .

Much scientifi c 
progress occurred 
since the day of  
the Drowning. 
The pastor grew 
fascinated 
with the “air” 
emanating from 
the brewing vat.

He had a few thumb rules 
when working with a 
newly-discovered substance .

O
w
g

IT PUTS 
OUT THE 

FIRE!

RULE # 1: 
BURN IT!

THE 
POOR 

MOUSE 
DIED EVEN 
BEFORE IT 
FELL INTO 
THE VAT. 
OF FEAR, 
EH TOM?

He studied 
it intensely.

REMARKABLE!

MULTI
VERSE

by Prabha Mallya
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P  
riestley described the 
carbon dioxide-water 
mixture as having 

a “light, pleasantly acid 
taste”, and threw quite a few 
non-alcoholic soda water 
part ies for his friends and 
relations1. 

1: Later on , Priestley became a 
regular at a monthly meeting of  
a group of  werewolves, who met 
during the full moon to enjoy 
a drink of  soda water together. 
They were called ‘the Lunatics’.

book on electricity, and 
invent the pencil-eraser in 
the process.2 

Priestley was awarded a  
grand high honour called 
the Copley Medal in 1772 
- “On account of  the 
many curious and useful 
experiments contained in 
his observations”.

2: A surprising number of  mice 
were used in the experiments to 
create erasers: none.

One day, all good things seemed to come to an end 
when Priestley found his young wife drinking a 
glassful of  some innocent-looking water.

However, scientists like 
Johann Schweppes and the 
Coca Cola company went 
on to use this accidental 
discovery to make quite 
a (still-growing) heap of  
money.

Meanwhile , our lovable 
oddball pastor went on to 
discover oxygen, laughing 
gas, hydrochloric acid 
and ammonia, study 
the propert ies of  carbon 
dioxide and phot osynthesis, 
write a hugely popular 

IT’S 
DELICIOUS!

AND BUBBLY!
AND IT 

DOES HAVE 
A MOUSEY 

AFTERTASTE.
SIGH.

NO! 
MARY, 

THE AIR 
DISSOLVED 
IN IT KILLED 

A MOUSE 
NAMED 
JOSHUA.

PERHAPS 
THAT 

NOXIOUS AIR 
KILLS ON 
INHALING 
LARGE 

AMOUNTS 
- NOT ON 

CONSUMING 
- AND ERM, 
BURPING IT 
BACK OUT.

HMPH. HOW 
MEPHITIC1! A 

CONTRADICTION - 
GIVEN THAT ONE 

DRINKS BEER FULL 
OF THIS AIR, AND 

SURVIVES?

1: POISONOUS 

RULE # 2: 
CHECK IF 
ANIMALS CAN 
LIVE THROUGH 
A DOSE OF IT.

CHANCES ARE, 
IF ANIMALS CAN, SO 
CAN HUMAN BEINGS. 
NOT A VERY HUMANE 

WAY OF TESTING, I 
MUST SAY - BUT 

I’M A CAT.

Shaking the carbon dioxide 
and water mix had 
produced an unexpected 
soft   drink: SODA WATER .

December 2011 11
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One by Two T
by Sunando C

WELCOME BACK TRUE BELIEVERS! 
IN THIS SCINTILLATING ALL-NEW EPISODE, WE MEET THAT TITANIC 

TWOSOME, THE AQUATICALLY EMPOWERED MEN OF MYSTERY, THE 
HYDRO-POWERED HEROES THE GRATEFUL NEWSPAPERS OF THE 

WORLD HAVE CALLED

A
s
B
i
f
s
w
o
t
e
f
i

W

ARE THEY BROTHERS? TWINS? 
BEST FRIENDS? CLONES? WHERE 

DID THEY GET THEIR AMAZING 
POWERS FROM?

 NO ONE KNOWS 
FOR SURE!
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Title comes here. by ABC

Able to turn his body into 
solid ice, the hero known as 
BERG is nearly indestructible 
in his frozen state due to the 
formation of a regular crystalline 
structure in the molecules of 
water in his body. This consists 
of a single oxygen atom bonded 
to two hydrogen atoms. The 
effect of expansion during 
freezing also enables him to 
increase in size. 

WATCH OUT TITANIC!

Their insignia shows 
the combination of two 
hydrogen atoms to one 
oxygen atom, the atomic 
symbol for water. Is this 
a hint at a third member 
of this super-team? Have 
we only met two of the 
atoms?!

WHO is the ‘O’ 
in the H2O?!

Lighter than air,  the man known as 
STEAM converts each individual water 
molecule in his body into gaseous 
vapour through the absorption or 
release of kinetic energy. This change 
to water vapour takes a parcel of heat 
with it, in a process called evaporative 
cooling. The amount of water vapour 
in the air determines how long he 
can remain in his gaseous state. By 
controlling humidity, or the amount of 
water vapour in the air, he can make 
things very uncomfortable for evil-
doers everywhere!
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With the Power of the Sun

Water 
Distillation

You will need:
1  A plastic bottle without the cap 
2  A plastic cup (or the bottom half of a   
    smaller bottle)
3  Scissors
4  Bright sunlight
5  Some dirty water

If you ever get stuck outdoors without 
any clean water to drink, here’s a 
quick way to build a solar still.

Step 3
Place the conical part of the bottle 
upside-down over the bottle so that the 
tip of the cone is pointed into the cup.

How to use it:
Leave your solar still out in the Sun. The 
heat will vapourise the water, which will 
then condense into the inverted cone. 
And clean water will drip into the cup!

by Chaitanya Krishnan

Sun

n

Step 1
Cut off the conical top of the bottle.

Step 2
Pour some dirty water into the bottle. 
Float the plastic cup on the water. G
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Going with the Flow
The more microorganisms you consume, 
the bigger and more elaborate your 
evolution. 

You can move between levels or planes by 
eating one of these special creatures:

Using the mouse, you can move it towards 
smaller microorganisms and eat them.

The game is a joy to play from the start. 
There are no menus or buttons, and you can 
start playing immediately..
So go check it out right away at

eating one of the

r microorganisms and eat th

by Jenova Chen and Nicholas Clark

Flow is a visually stunning game that you 
can play online from any computer, or on 
the PS3 and Playstation Portable. You will 
get to control a simple creature that looks 
like this: 

by Chaitanya Krishnan

flow
Certain levels feature aggressive, 
multi-segmented creatures that perish only 
when all their segments are eaten. But they 
can also eat segments of your creature to 
regrow their own parts.

These creatures release many cells as they 
die, which can restore the health of your 
creature, temporarily increase the size of its 
mouth, or cause it to sprout decorative 
protrusions.

http://interactive.usc.edu/projects/cloud/flowing/
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to make things inspired by 
animals, plants and insects. 
Janine Benyus, a biomimicry 
expert, explains that it is 
“the process of learning 
from nature and adapting 
that knowledge to new 
technology. It takes effort and 
science”. While this may not 
be an easy thing to do, it is 
indeed possible. Let’s take 
a closer look at how nature 
has sparked off a bunch of 
ingenious products.  

SHOE
BOX

Here’s a quick quiz. What’s 
the common factor between 
the things on the list below?
1. Velcro fasteners 
2. The Japanese Shinkansen 

bullet train which can 
travel at 300 km/hr 

3. Dirt-repelling Lotusan 
paint 

4. Qualcomm’s Mirasol 
screens which can be 
read clearly even in bright 
sunlight  

Answer: Each product’s 
design is inspired by nature. 

Nature has spent 
approximately 3.8 million 
years perfecting the designs 
of the millions of species 
that inhabit the Earth to suit 
the different environments 
they live in. Now, observant 
scientists are looking at 
nature and copying its 
innovative mechanisms to 
create better technology. 
‘Biomimicry’ is a pretty new 
fi eld of science in which 
biologists work hand-in-
hand with product designers 

Burrs and Velcro

The idea of Velcro was 
planted in the head of its 
inventor George de Mestral 
when he observed burrs 
sticking to his dog’s coat 
while they were on a hunting 
trip. He noticed that the burrs 
were a great way to disperse 
seeds, and had hooked 
endings that could cling to 
any surface that had loops, 
like fur, cloth or hair. Mestral 
borrowed this idea to invent 
the world’s fi rst Velcro hook 
and loop fastener. 

Kingfi shers and 
Bullet Trains

During test runs, the super-
fast Shinkansen bullet train 
in Japan would whizz around 
at a speed of 300 km/hr. But 
the trouble with the train 
was its high noise levels. 
Every time the high-speed 
train entered and exited a 
tunnel, air pressure changes 
would cause a loud clap of 
‘tunnel boom’, which could 
be heard up to 400m away. 
The train’s chief engineer, 
Eiji Nakatsu, was asked to 
fi x the problem. An avid 
bird-watcher, he thought 
of how the kingfi sher could 
dive from low resistance air 
into higher resistance water, 
without causing as much as 
a splash. He then remade the 
nose of the Shinkansen train 
to resemble the kingfi sher’s 
beak, which brought down air 
pressure (and hence sound) 
by 30%, saved electricity 
by 15%, and made the train 
travel faster by 10%!

What do kingfi shers have to do 
with bullet trains and butterfl y 
wings with mobile devices? 
Step into the wondrous 
world of biomimicry where 
technology imitates nature
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Lotus and Wall Paint

The lotus plant is considered 
sacred in Asian cultures 
because of its ability to stay 
squeaky clean even in the 
middle of dirty environs. 
German botanist Wilhelm 
Barthlott spent years studying 
this surprising ‘lotus effect’. 

Butterfl y Wings and 
Mobile Phones

We think that butterfl y 
wings and peacock feathers 
possess beautiful colours, 
right? Wrong. In reality, 
they have sophisticated 
structures on their wings 
which refl ect light. Numerous 
wavelengths of light mix 
to create the vivid colours 
that we see. Technology 
company Qualcomm’s Mirasol 
display screens for mobile 
devices mimic the effect of 
butterfl y wings with built-in 
microscopic mirrors. With 
this tech, screens can be read 
in direct sunlight and use 
less power than traditional 
displays..

Bibliography:
Benyus Janine M, Biomimicr: innovation inspired by Nature, Perennial, 2002
http://www.novomer.com/our_vision.php; http://news.bbc.co.uk/2/hi/science/
nature/6904175.stm; http://www.velcro.com/about/history.html; http://www.
youtube.com/watch?v=AzCcJD1RSeI; http://webecoist.com/2011/01/14/brilliant-
bio-design-14-animal-inspired-inventions/?ref=search; http://www.asknature.
org/product/28dac96ae850e0972f1a61db94844994; http://www.japanfs.org/en/
mailmagazine/newsletter/pages/027795.html

More from Nature’s Closet
The inner shell of an abalone 
(a type of sea snail) is twice as 
tough as the hardest manmade 
ceramics. 

Spider silk is fi ve times tougher 
than silk. 

Rhino horns repair themselves 
even though they have no living 
cells in them. 

The tendons of our forearms 
are twisted bundles of muscle 
fi bres. This structure has 
inspired the steel cables used 
in suspension bridges. 

Pomegranate arils (the pulpy 
parts that contain the seed) 
are packed in a geometrically 
compact way, have their 
gaps fi lled with pith and are 
surrounded by tough skin: a 
biodegradable packing system 
that works better than plastic!

He discovered that the 
surface of the plant’s leaf, 
which appears smooth to the 
naked eye, actually consists of 
microscopic waxy bumps that 
do not allow dirt to settle on 
it. Water droplets rolling over 
the leaf take the dirt along, 
leaving it unsoiled. This 
water-repelling principle is 

used in Lotusan self-cleaning 
paints, which stay dirt-free 
even after a rain shower. 
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The Story of the First Navigable Submarine: 

The Drebbel

Built by Cornelis 
Jacobszoon Drebbel in 
1620
Designed by William 
Bourne
A steerable submarine11111111111111 Wooden frame covered 

with waterproof leather
2222222222222222

55555555555555

4444444444444444

Carried sixteen 
passengers

33333333333333333

1620
The Drebbel is built by Anglo-
Dutch builder Cornelius 
Jacobszoon.

1863
The French Plongeur is launched. 
It is the fi rst submarine that is 
mechanically powered.

1870
Jules Verne writes Twenty 
Thousand Leagues Under The 
Sea, describing the Nautilus, a 
submarine that predicts future 
technology in size and functions.

18
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“When I wish to rise to the level of 
the sea, I only let off the water, and 
empty all the reservoirs if I want the 
Nautilus to emerge from the tenth 
part of her total capacity,” he writes.

1648
English natural philosopher 
Bishop John Wilkins describes the 
military advantages of submarines 
in his book, Mathematical Magick.

1690 and 1692 
French physicist Denis Papin’s 
submarine designs are the fi rst to 
use pressure and water intake to 
make the submarine sink.

1727
Fourteen types of submarine are 
patented so far.

17
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HERE'S
HOW

4th century BCE 
Aristotle describes a diving 
bell, one of the earliest forms 
of a submersible vessel. 
“They enable the divers to 
respire equally well by letting 
down a cauldron...” he says.

by Aparna Kapur

18

vol02brainwave1.indd   20vol02brainwave1.indd   20 11/22/2011   11:12:34 AM11/22/2011   11:12:34 AM



drebbelllleebbbbeerrdd e e

Was submerged by 
contracting the sides 
and rowing downwards

777777777777777

Oxygen was generated by heating a chemical called 
nitre in a pan. This also generated sodium or potassium 
compounds, which absorbed carbon dioxide from the 
air.

666666666666666666

Required six oars to 
move it

5555555555555555

Snorkel tubes floated 
above the surface 
directing air supply 
inside the sub

444444444444444444

Reached a depth of 4 to 5 
metres below sea level

888888888888888888

Remained submerged 
for three hours, during 
which it travelled from 
Westminster to 
Greenwich and back

9999999999999999999

Greenwich

Westminster

1862
Alligator, the fi rst US submarine to 
use compressed air for air supply, 
is launched.

1897
Holland VI, built by Irish engineer 
John Philip Holland, is launched. 
It is the fi rst submarine to be 
commissioned by the US Navy.

1906
U1, the German Navy’s 
fi rst U-boat (derived from 
‘Unterseeboot’ or ‘undersea 
boat’), is commissioned.

1967
The fi rst Indian submarine, INS 
Kalvari, is launched.d 

e 

es.

e 
1776
Turtle, designed by David 
Bushnell, is the fi rst military 
submersible and accommodates 
one person.

1800
Nautilus, designed by American 
inventor Robert Fulton, is tested. 
It is one of the earliest human-
powered submarines.
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After I fi nished my higher 
studies, I stumbled 
upon a chance to 

study bottlenose dolphins 
at the Whale and Dolphin 
Conservation Society (WDCS) 
in Scotland. My workplace 
was set in a village called 
Spey Bay. It was surrounded 
by farms on the east, the 
North Sea on the north and 
the estuary (a coastal water 
body where both river water 
and seawater fl ow in) of 
River Spey on the west. The 
estuary attracted a whole lot 
of marine wildlife starting 
with migrating salmon, seals 
and dolphins that came to 
feed on the salmon and a host 
of estuarine and terrestrial 
birds. Every sunset was a 
special one, fi lled with a 
fl urry of animal activity. 

From leaping into the air, to 
spinning around and surfi ng 
along with boats, fi nd out 
what tricks playful dolphins 
get up to

by Divya Panicker

As part of my daily routine at 
the WDCS centre, I had to do 
‘shorewatches’. This involved 
scanning the sea for dolphins 
with binoculars for ten 
minutes, every hour during 
the day. Many days went by 
without a sign of dolphins. 
It was particularly tough on 
cold winter days when the 
north wind blew right in your 
face. However, when I did 
spot dolphins, it was always 
the highlight of the day. On 
some days, I headed out to 
sea on a boat to get a closer 
look at dolphins and carry out 
‘photo identifi cation’. This 
process involved identifying 
individual dolphins by taking 
clear pictures of their dorsal 
fi ns (these fi ns vary from one 
dolphin to another, thanks to 
unique markings, cuts and 
shapes). 

Meet the Bottlenose

I had my fi rst encounter 
with bottlenose dolphins 
when I was on a boat doing 
research. A mother and a 
calf came right up to the bow 
of the boat (the front). The 
mother kept herself between 
the boat and her calf so that 
she could protect her young 
one, and the duo surfed ever 
so gracefully on the waves 
created by the boat for a 
minute before they vanished. 

Bottlenose dolphins are 
often found surfi ng at the 
bow of boats in this manner, 
and it’s called ‘bow riding’. 
Experts say that this is a 

I 
SPY 
FINS

KINGDOM
ANIMALIA

Bottlenose dolphins, with their 
distinctive dorsal fi ns. Photo by Bea Chater

A h

form of sport or play for 
the dolphin. Another thing 
bottlenose dolphins do is leap 
out of the water, a behaviour 
known as ‘breaching’. Again, 
dolphins breach a lot while 
playing. I remember two 
dolphins doing back fl ips 
together fi ve times in a row! I 
marvelled at the coordination 
between them and how they 
managed to match their 
moves to the second, without 
crashing into each other.
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A humpback dolphin breaches. Photo by Dipani Sutaria
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Meet the Humpback

After a stint at WDCS, 
I returned to India and 
continued to work in the area 
of wildlife. But I realised that 
I missed the aquatic world, 
and set out to fi nd out more 
about India’s marine life. I 
had heard that the port city 
of Kochi in Kerala was home 
to dolphins and decided to 
explore the region. I took a 
ferry from Kochi’s mainland to 
a water-bound region called 
Fort Kochi and sat at a seaside 
restaurant gazing at the 
estuary for half a day. Many 
boats of different sizes went 
by, including ferries, tourist 
vessels, huge cargo ships, 
speed boats and dredging 
boats. But the boats were 
travelling in all directions and 
at varying speeds. From my 
previous experience, I knew 
that although dolphins bow 
ride, it’s usually with boats 
that move in a set direction 
and at a constant speed. It was 
hard to imagine dolphins in 
the middle of all this traffi c! 
But much to my astonishment, 
a fi n suddenly bobbed up, 
and then another. These 
were unmistakably dolphins 
looking for food! 

But this species was different 
from the bottlenose dolphins 
in Scotland. Kochi’s dolphins 
have a distinct hump just 
under their fi ns, which is a 
feature of the ‘Indo-Pacifi c 
humpback dolphin’. They’re 
pinkish-grey in colour, live 
very close to the shore, 
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More Fin Facts
Dolphins are mammals not fi sh, 
and give birth to their young. 

Dolphins breathe air. They have 
to come up to the surface of 
the water every few seconds or 
minutes to breathe through their 
blowholes. Blowholes are similar 
to our nostrils, but are located 
on the top of the head so that 
dolphins can breathe easily.
 

Dolphins are social animals and 
live in groups. Aunts often take 
turns to babysit calves when 
mothers need to hunt. 

Dolphins belong to a group of 
marine mammals called the 
‘cetacea’ (pronounced Seh-Tay-
Cea), which have evolved from 
terrestrial or land animals. 

within a depth of 20m, and 
frequently swim to estuaries 
to feed themselves. They 
also do not jump out of the 
water as much as bottlenose 
dolphins do. 

The Spinners

In case you didn’t know, 
India is rich in marine 
dolphin species. Apart from 
humpback dolphins, we also 
fi nd bottlenose dolphins 
along the country’s coast (but 
these are a smaller version 
of Scotland’s dolphins). 
Then there’re the Irrawady 
dolphins, which are found in 
the brackish waters (a mix 
of fresh and salt water) of 
Chilika and the Sundarbans 
on the east coast of India. 
Along the coastline, energetic 
spinner dolphins have also 
been spotted, which not only 
leap, but can also spin up to 

14 times before falling back 
into the water!

I’m sure that there are many 
more to add to the list, but 
sadly, marine mammals 
are not studied enough in 
India. We need to carry out 
more research and to do 
this, we need more marine 
biologists. As for me, I would 
like to study why Indo-Pacifi c 

humpback dolphins choose 
the crowded, polluted and 
boat-fi lled estuary of Kochi as 
their home. Surely, there must 
be something interesting 
happening underwater!.
Divya Panicker is a 
conservation biologist who 
works at the National Centre 
for Biological Sciences, 
Bangalore.

A school of spinners. Photo Steve Dunleavy
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Makara

A makara is that funny fi sh-
crocodile-seal-sometimes-
turtle-y creature you 
might’ve noticed carved 
into the doorways of Hindu 
temples. Sometimes it has 
an elephant’s trunk or a 
peacock’s tail. In Indian 
mythology, it’s the ‘vahana’ 
or vehicle of river Ganga 
and of Varuna, the god of the 
oceans. Real life counterparts: 
the Ganges river dolphin, 
the gharial (a crocodilian 
with a long thin snout and 
a pot-like blob at the end), 
and the mugger or Indian 
crocodile (mugger sounds a 
bit like makara, doesn’t it?) 
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Just when you thought it was safe to 
get into the water, monsters mythical, 
fi ctional and palaeontological, lurk 
below the surface

by Shalini Srinivasan
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Loch Ness Monster

Loch Ness is a deep, gloomy 
lake in Scotland, believed 
to be the home of a giant 
unknown monster. Some 
cryptozoologists (people 
who wander around looking 
for possibly non-existent 
creatures like yetis. The polite 
word, if you ever meet one, 
is ‘cryptid’) think it may be 
a surviving dinosaur from a 
family called ‘plesiosaurs’. 

Leviathan

The Leviathan is a biblical 
water monster – variously 
drawn as a giant whale 
or with a dragony-snakey 
shape. These days, the word 
Leviathan is used mostly for 
whale-shaped things. Famous 
fi ctional Leviathan: Moby 
Dick, a white sperm whale. 
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Kraken

These are mythical giant 
octopus-shaped creatures 
that were said to live off the 
coast of Norway and Iceland, 
and supposedly attacked 
ships. HP Lovecraft’s horror 
stories star one such giant, 
evil water-dwelling monster 
named Cthultu (pronounced 
ik-thool-tu). Real life 
counterparts: the giant squid, 
which can grow up to13m 
long, and the colossal squid 
that can grow 14m long!

Mermaids 
(and Sirens)

Mermaids and sirens are 
probably the pleasantest 
people on this list, if it weren’t 
for the sirens’ unfortunate 
habit of luring sailors with 
their songs and wrecking 
their ships. But mermaids 
have a much nicer, albeit 
more depressing reputation, 
mostly thanks to the Hans 
Christian Anderson’s fairytale 
The Little Mermaid. Real 
life counterparts: dugongs 
and manatees that together 
belong to the order of sea 
cows, called ‘Sirenia’. They 
tend to be shy, vegetarian and 
quite peaceable. They are 
also – somewhat distantly – 
related to elephants.
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Jörmungandr

A giant sea serpent that 
encircles the world in Norse 
mythology. Norse people 
(aka Vikings) believed that 
at Ragnarök, the end of 
world, Jörmungandr would 
rise out of the oceans and 
spew venom everywhere, 
poisoning the skies. Water 
snakes show up in all kinds 
of mythology – Babylonian, 
Greek, Indian (some evil 
like Kaliya and some terribly 
helpful like the massive Adi 
Sesha on whose coils the god 
Vishnu is said to rest). There 
is also the wonderfully-named 
Yacumama which is said to 
attack people near the mouth 
of the Amazon river. 

In the Hindu zodiac, Makara 
represents the sign of Capricorn.

Trivia:

The Loch Ness monster has a 
Canadian cousin Ogopogo, who is 
said to live in Okanagan Lake and 
is believed to have been sighted 
since the 19th century.

Tim Dinsdale, an English 
aeronautical engineer, quit his job 
and spent twenty years trying to 
prove that the Loch Ness monster 
exists.

Some people believe that the 
Leviathan is the gatekeeper of 
hell.

According to Norse mythology, 
Jörmungandr’s archenemy is 
Thor, the god of thunder and 
lightning.

People believe that the Kraken 
looks like an island when 
motionless and can attract fi sh. 
Its name is derived from the 
Scandinavian word for ‘twisted 
and unhealthy’.

Mermaids are considered bad 
luck according to British legends 
because they are supposed to 
trick sailors into  believing that 
land is near.
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AMAZING, 
GOBSMACKING 
WATER
by Dr Utpal Chattopadhyay / Curiouscity

Water is all around us. It holds the key to life on 
Earth. But water is not only important, it is also a 
really interesting substance with some very unusual 
properties. Let’s discover the liquid in all its boiling 
and freezing forms

Water has Three 
States

For starters, water may be 
the only thing on Earth that 
exists in all three states 
simultaneously – solid, 
liquid and gaseous. You have 
probably noticed in your 
kitchen at home that water 
freezes at 0° Celsius (C). And 
water boils at 100°C. But 
this happens only when the 
water you are trying to boil 
or freeze is at sea level (that 
is, in a place which is at the 
same level as the surface of 
the sea). If the water is higher 
or lower than sea level, 
the air pressure changes, 
and the water will freeze 
or boil at slightly different 
temperatures.

Icy Games

Let’s begin by melting 
ice. The rule is that if you 
apply more pressure on any 
material, the temperature 

at which it melts (called the 
‘melting point’) increases. But 
this isn’t the case with ice! 
Under higher pressure, the 
melting point of ice reduces.

You can check this out for 
yourself this by trying an easy 
experiment at home. (See 
pictures.) Take two small ice 
cubes. Place them between 
your fi ngers and press them 
together. Hold them like this 
for half a minute and then 
let go. Chances are, the two 
cubes will stick together. 
Why does this happen? 
When pressure is applied, 
the melting point decreases 
to less than 0°C (the normal 
melting point of ice). But 
because the ice is already at 
0°C, it begins to melt at the 
point of contact, i.e. where 
the two cubes are touching. 
Then as soon as the pressure 
is removed, the water formed 
at the point of contact of the 
two cubes, freezes again and 
the two ice cubes become one 

block. You may have seen kids 
playing with snowballs in cold 
countries. This same process 
of melting and refreezing 
could be the reason behind 
how snowballs are made.

THE
BASICS
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FYI: Water is Heavier 
than Ice!

You may have heard of 
icebergs fl oating in the sea. 
This happens because of yet 
another mysterious property 
of water. Most liquids become 
dense or heavy when they 
freeze. But water expands in 

Bubbling Martian 
Water 

Now how about boiling some 
water? Again, this depends on 
the pressure applied to it. But 
in this matter, water behaves 
like any other liquid. 

If the pressure is lower, water 
will boil faster, and vice versa. 
For instance, water will boil 
at a lower temperature on 
a mountain top. Recently, 
scientists have found 
evidence of water on Mars. 
But the Red Planet has a very 
thin atmosphere (and hence, 
lower pressure). So most 
of the water on the planet 
boils and turns into vapour. 
Scientists are still trying to get 
to the bottom of how much 
water actually exists on Mars 
and in what form. You can go 
to Nasa’s website ‘Journey 
to Mars’ at http://www.
exploratorium.edu/mars/
teachers/onmars.html to fi nd 
out more. 
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You can test how water boils at room temperature using a syringe. 
When a vacuum is created, the pressure reduces, and water boils at a 
temperature lower than 100°C. 

volume when it freezes into 
ice. This makes ice lighter 
than water, making it possible 
for it to fl oat on water. 

This behaviour of water is 
crucial for animals which 
live in water in cold climates. 

In subzero temperatures, a 
layer of ice fl oats on the top 
of water bodies like lakes. 
This prevents the water 
below from turning into 
ice, allowing marine life to 
survive in the water under 
the ice..

28
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SPECULATIVE
FICTION

by Vinayak Varma

2025 CE 2030 CE

2040 CE

20

20
KALAPINI IS BORN AT A 
BIOTECH INCUBATOR. SHE 
IS ONE AMONG 27 OF THE 
WORLD’S FIRST BATCH OF 
DISEASE-FREE GM BABIES.

TH
STA
AN
PR

HA
CL
PO
BI
PL
OF
IT’

SHE MAKES THEM 
ALCHEMISE A PILE OF SAND 
INTO AN EVEN BIGGER PILE 
OF HER FAVOURITE CANDY.

THE SAME YEAR, THE GREAT 
GLOBAL PEACE ACCORD 
IS SIGNED IN BANGALORE 
BY THE CHAIRMEN OF THE 
FORTUNE-25 NATIONS.

TEENAGED KALAPINI 
FACES THE BIGGEST 
PHILOSOPHICAL 
CHALLENGE OF HER LIFE —

AT THE AGE OF FIVE, 
KALAPINI PROGRAMS 
HER FIRST SWARM OF 
FEMTOBOTS.

“SHOULD I USE MY SUPER 
INTELLIGENCE FOR GOOD 
OR EVIL?” HER MUM CALLS 
HER DOWN FOR DINNER, 
SO SHE POSTPONES THE 
DILEMMA INDEFINITELY.

PO
HE
IN
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2050 CE

2078 CE 2099 CE 2120 CE

2065 CE

THE GLOBAL POPULATION 
STABILISES AT 9.4 BILLION, 
AND BEGINS A LAZY AND 
PROSPEROUS DECLINE.

HAVING SOLVED THE 
CLIMATE,  FOOD, WATER, 
POPULATION AND 
BIODIVERSITY CRISES, 
PLANET EARTH TAKES A DAY 
OFF WORK TO PARTY LIKE 
IT’S 2099.

AND A CONSORTIUM 
OF TRILLIONAIRE 
PHILANTHROPISTS 
REGENERATES ALL THE 
DEAD RAINFORESTS OF THE 
WORLD, IN A BREATHTAKING 
DISPLAY OF CORPORATE 
SOCIAL RESPONSIBILITY.

A PERFECT CYBORG BABY IS 
BORN TO KALA-PLUM. THEY 
TAKE THE WEEK OFF WORK 
AND PARTY LIKE IT’S 2099 
(WHICH, HAPPILY, IT IS!).

AT LONG LAST, OUR HEROINE, 
— NOW AN EMINENT NEO-
ALCHEMIST — FALLS IN LOVE 
AND GETS MARRIED TO A 
CANADAMERICAN CYBORG 
NAMED PLUM.

ON KALAPINI’S 95TH 
BIRTHDAY, WHILE SHE’S OUT 
FOR A MORNING JOG, A 
GRAND PIANO FALLS OUT OF 
A 300TH FLOOR APARTMENT 
WINDOW AND ONTO HER 
HEAD. SHE DIES WITH A SONG 
ON HER HEART AND A POLITE 
CURSE ON HER LIPS. 

POST SCRIPT: “POOR DEAR! SHE DIED SO YOUNG!” SAY KALAPINI’S CENTENARIAN FRIENDS. BUT 
HER DEATH REDUCES THE WORLD’S POPULATION TO AN AUSPICIOUS 7 BILLION, AND SO SHE LIVES ON 
IN STATISTICAL CHARTS AS A SIGNIFICANT GLOBAL MILESTONE. GOOD FOR HER!

vol02brainwave1.indd   35vol02brainwave1.indd   35 11/22/2011   11:13:37 AM11/22/2011   11:13:37 AM



Archerfi sh

Mimic Octopus
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TOP
TEN

THE WORLD’S 

WEIRDEST
UNDERWATER STUNTS

Move over comic book heroes and 
boy wizards, surfboarders and jet-
skiers, and make way for the real 
superheroes: sea creatures! This 
month, we’re proud to present 
the world’s craziest water stunts. 
Punching, munching, stinging, 
shape-shifting, even immortality — 
everything is possible underwater. by Sangeeta Bahuguna

ARCHERFISH: This tiny 10cm 
creature has a mouth that 
looks like it could whistle 
Beethoven’s Fifth Symphony. 
With its glorious pout, it can 
shoot a 15ft-long water jet 
and bring down juicy insects 
from overhanging branches. 
A very skilled marksman, it 
usually gets its prey in the 
fi rst shot. Despite the fact 
that light from the prey to 
its eye gets refracted at the 
air-water boundary, the smart 
archerfi sh sees through any 
visual distortions.

10

09

07

08

06

0

0

RED ROCK CRAB: Ever been 
pinched black and blue by 
someone? Believe me, the 
hardest human pinch can’t 
possibly compare to that of 
a red rock crab. An average 
adult human male can grip 
an object with a force of 100 
pounds per square inch (PSI). 
The seven-inch red rock crab 
can pinch with almost twice 
the force: 177 PSI. Yeooow!

MIMIC OCTOPUS: This 
awesome shape-shifter could 
star in its own X-Men movie! 
To scare off its predators, this 
octopus can contort its body, 
change colour and mimic 
the shape and behaviour 
of 15 different species. For 
example, if it’s being attacked 
by a damselfi sh, it takes the 
shape of a banded sea snake 
by changing its colour to 
black and white, drawing in 
six of its arms and waving 
the other two in opposite 
directions. Scary stuff no?

STARFISH: Amputation is not 
a problem for this creature. 
If the starfi sh happens to lose 
a limb or two in a fi ght or a 
predator attack, it doesn’t 
worry too much. Fact is, it 
can regenerate that part and 
sometimes even grow a whole 
new starfi sh from a lost limb.

PLATYPUS: Move a muscle 
and this guy’s onto you 
instantly. It’s a superpower 
called ‘electroreception’ 
which allows the platypus to 
zero in on its prey by sensing 
electric fi elds generated by 
muscular contractions. And 
it can manage all this in the 
deepest and darkest of waters.
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MANTIS SHRIMP: Just about 
three inches long, mantis 
shrimps pack the fastest 
punch of any animal’s — at 
50mph — and with the force 
of a bullet. Their mean 
punches can shatter one-inch 
thick aquarium glass and crab 
shells, effortlessly. 

PACIFIC HAGFISH: This has 
got to be the slimiest stunt 
ever. The Pacifi c hagfi sh 
emits mucus (loads of it, in 
fact, a bucketful of it, in just 
a few minutes) to fend off 
predators. It turns into a slime 
cocoon and if a fi sh tries to 
eat it, the slime clogs its gills 
and suffocates it. The slime 
of a hagfi sh also expands: 
each fi bre, no thicker than a 
thousandth of a millimetre, 
can grow to 20 inches within 
minutes! When the predator 
is gone, the hagfi sh wipes 
away the slime by tying itself 
into a knot, and passing the 
knot along its body. Look ma, 
no hands! 

ELECTRIC EEL: More closely 
related to catfi sh than eels, 
the electric eel can generate 
strong electric currents 
to shock, maim or kill its 
victims. It’s able to produce a 
shock of 500 volts, which in 
human terms, can cause very 
serious burns and even death. 
Now that’s a shocker! 

BOX JELLYFISH: Care for 
500,000 injections in a 
second? The box jellyfi sh 
has the special skill of 
making 500,000 punctures 
and injecting deadly venom 
into its unfortunate prey, all 
within a split second. Each 
of its tentacles has about 
500,000 harpoon-shaped 
microscopic mechanisms that 
inject the venom. No surprise 
that it is considered the most 
venomous creature in the 
world. 

IMMORTAL JELLYFISH: And 
the winner of our weird 
water stunts countdown is 
the Turritopsis nutricula, 
also known as the immortal 
jellyfi sh. It can pull off an 
amazing age-reversal stunt 
by going from fully-matured 
to infancy! While several 
other animal species can 
regenerate part of their 
DNA, the immortal jellyfi sh 
is the only animal that can 
revert back to an infant state, 
starting the whole game of 
life over and over again as 
many times as it wants to. 
What the fi sh…!.
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Box Jellyfi sh

within a split second. Each 
of its tentacles has about 
500,000 harpoon-n shaped 
microscopic mechanisms that 
innnject the venom. No surprise
that it is considered the most 
vev nomous creature in the 
world. 
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Easy

Medium

Diffi cult

CROSS
SECTION

ACROSS 
1. Enormous wave created by an earthquake 
under the ocean (7)
4. Spiny ___fi sh: a common shark (3)
6. Seashores may be sandy or ____. (5)
8. A ____fi sh has fi ve or more arms. (4)
9. Killer whale (4)
11. More than 70% of the Earth’s surface is 
covered by this (5)
13. You can do this all day on a beach (3)
14. Blue-blooded, eight-armed mollusc (7)

Send us your completed crosswords and give us 
your feedback! Write to 
brainwave@ack-media.com 

by Veena Prasad

DOWN
1. Occur on ocean shores because of the Moon’s 
gravitational pull (5)
2. Whales frequently swim to the surface for this (3)
3. Very fl at, has no bones, and packs a sting (3)
5. The ____ squid is a little smaller than the colossal 
squid (5)
7. Reef builder (5)
10. The depths of the ocean fl oor where no light 
penetrates (5)
11. The Portuguese man-of-____, a fl oating colony of 
polyps (3)
12. The ___-tail or grenadier: a deep sea fi sh (3)

1 2 3

4 5 6 7

8 9 10

11 12 13

14

Going to Sea
D

M
E
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To fi nd out what ‘y’ is, multiply the numbers like so:
 y times 2 = 2 times 3
2y =6
y = 6/2 = 3
And so you need 1.5 cups of raw noodles and 3 cups of water!

Maths makes the world 
go round. It is a universal 
language that is shared by 
the billions of people on the 
planet, regardless of country, 
culture or age. ‘Pi’ is always 
3.14 and ‘e’ is 2.71! We cannot 
all speak Swahili or Spanish 
or Bengali, but we can 
communicate in the shared 
language of mathematics. 

Maths helps you cook.
To cook lipsmacking food, 
different ingredients must be 
used in the right proportions. 
Add too much salt and your 
favourite noodles will not 
taste so good anymore! 

In maths, this relationship 
between ingredients is called 
a ratio. If 1 cup of raw noodles 
requires 2 cups of water to 
cook, the ratio is written as 
1:2.

But how will you calculate 
how many cups of raw noodles 
are needed to cook for your 
brother and dad as well? And 
how much water will you 
need? 

Maths has many uses 
apart from scaring the 
heebie-jeebies out of you. 
Like making noodles! 

by Sasikanth C

If you’d like us to crack a particularly tricky math topic you’re struggling 
with, email us at bwlab@ack-media.com.

And,
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x cups of raw noodles

y cups of water

3 portions of noodles

3 portions of noodles

=

=

To calculate the quantity of the ingredients, we need to fi gure 
out the proportions like this:
1 cup of raw noodles and 2 cups of water = 2 portions
How many cups of noodles and how many cups of water = 3 
portions?

This can be written as 
1 cup of raw noodles

2 cups of water

To fi nd out what ‘x’ is, multiply the numbers like so:
x times 2 = 1 times 3
2x = 3
x = 3/2 = 1.5

2 portions of noodles

2 portions of noodles

Try this: If you have to cook for 5 people, what would x and 
y be? What would their values be, if you have to cook for 8 
people?.

by Sasikanth C

PLUS
MINUS
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Solution to Cross Section, Issue 12: 
“From Field To Fork”

SOLUTIONS
AND WINNERS

In the contest of Issue 
10, we asked you to 
design a soundscape.

The winner of the contest is 
Yash Garg. Congratulations, 
Yash! Your secret surprise 
prize is on its way! The 
runners-up, who will win 
Brainwave t-shirts and 
audio books from Karadi, 
are Priyanka Danda and 
Hrishikesh Athreya. To listen 
to the winning entries, log on 
to www.bwmag.in.

The winners of the WYSIWYG 
contest in the tenth issue (p30) 
of Brainwave are: 

DD Jimulia, Aarati Joshi and Safdar 
Ulde. The numbers in the picture were 
frequencies and the patterns were the 
Chladni patterns (named after discoverer 
Ernst Chladni) corresponding to those 
frequencies in a guitar.

These patterns, usually formed by 
sprinkling fi ne sand on a vibrating surface, 
depict the patterns created by various 
frequencies and can be used to determine 
the sound frequencies of anything from 
telephones to music.

Watch this video to see what we’re talking 
about: http://www.youtube.com/watch?v=AS
67HA4YMCs&feature=related

You can also learn more about this 
fascinating phenomenon through this TED 
talk by Evan Grant : http://www.ted.com/
talks/lang/en/evan_grant_cymatics.html
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CUT
PASTE

Life on Earth is made up of six basic elements – 
carbon, hydrogen, oxygen, sulphur and phosphorus. 
All these elements are essential for life to exist. 
But in 2009, an American microbiologist called 
Felisa Wolfe-Simon discovered bacteria that could 
grow on arsenic, which is poisonous, instead of 
phosphorus! The bacteria, known as GFAJ-1, could 
replace phosphates (phosphorus compounds) from 
their DNA with arsenates.
The reason this is such a ground-breaking (and 
controversial) discovery is that it shakes the entire 
belief around which life is believed to exist. If the six 
basic elements of life are dispensable, it increases 
the possibility of alien life forms existing in places 
where we’ve never even considered looking!

Arsenic 
doesn’t Kill?When temperatures fall below 0°C, water on the 

surface of lakes and rivers, freezes and turns into 
a sheet of ice. The ice then fl oats, preventing the 
water under it from freezing. But at times, the 
water below pushes through cracks in the ice above 
it. This water then freezes, making the existing 
layer of ice thicker. The process goes on, sometimes 
forming ice shields more than seven metres thick! 
These slabs of ice, called ‘naleds’, melt very, very 
slowly.

A Mongolian engineering fi rm, ECOS & EMI, is 
trying to artifi cially create naleds on the Tuul 
river. Their plan is to drill holes in ice, and let the 
water out, which will then freeze to form another 
layer, and so on. The idea behind creating and 
maintaining this growing block of ice is to save a 
piece of winter for the sunny days, literally. So the 
scientists hope that not only will the naleds cool the 
Mongolian capital Ulan Bator, but as the ice slowly 
melts, it could also irrigate the city and provide 
drinking water for months! 

Winter in a Box

Brainwave is a good magazine 

and very informative too. It is 

very interesting.

Arun Vishnu

I was surfi ng the internet 

when I got a brainwave. Why 

not read this month’s issue of 

Brainwave?! From music to 

my ears to food for thought... 

an amazing transition. Thanks 

BW!!

Sreecharan Sankaranarayanan
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p05 Transfusion: taking blood from 
one individual and inserting it into the 
circulatory system of another

p07 Freshwater: water containing a very 
low content of dissolved salt

p08 Canals: a manmade waterway 
connecting one water body with another

p13 Kinetic energy: energy of an object 
in motion

Crystalline structure: a regular three-
dimensional molecular structure

p16 Burrs: seed pods with sharp features 
that tend to stick in fur or clothing

p17 Botanist: a scientist who studies 
plants

Wavelength: the distance between the 
peaks of a wave

Tendons: a tough, fi brous tissue that 
connects muscle with bone

Pith: the inner membrane of a 
pomegranate where the seeds are packed

NOTES

p19 Snorkel: a hollow, retractable tube 
that allows ventilation

p20 North wind: a wind blowing from 
the north that marks the beginning of cold 
weather

Dorsal fi n: fi n located on the backs of fi sh 
and some marine mammals

p21  Ferries: small ships used to transport 
people or goods from one port to another on 
a regular basis

Dredging boats: boats used for 
underwater excavations to clear the 
sediments

p34 Refract: change in the direction of 
light when it passes from one medium to 
another

Amputation: cutting off a limb

p35 Mucus: a slippery secretion from 
membranes in the body
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What’s YOUR amazing

water-saving innovation?

Come up with one 

really cool, original 

idea for saving water

at home! 

The best idea wins a goodie bag!
Last date for entries is 12th January 2012
Send your ideas to brainwave@ack-media.com.

Copyright © 2011, Brainwave. All rights reserved.
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p24
 Blobfi sh!

p10
 Loopy Twists!

p14
 Endless Caulifl owers!

      And Tons More!

p08
 Impossible Figures!

™
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For 8 to 12 year-olds,
but there’s something for 
everyone!

From 18th to 22nd January, 2012
(Open to the public on the 21st 
and 22nd)

To register, call Hippocampus:  
080-25630206 or 080-41101927

For more information 
about Curiouscity, visit                              
www.curiouscity.org
or call Shonali at 99801-03061

The programme has been 
developed by Dr Utpal 
Chattopadhyay, Dr Sukanya 
Sinha and Dr Shonali Chinniah 
from Curiouscity, with the 
support of Hippocampus and 
Brainwave.
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Happy new year, good Reader!

Januaries begin with a fl urry of specifi c questions 
(as every new endeavour should!): what 
resolutions should you make and follow? how will 

you fare in your exams? will pigs fl y? etc.

In the world of science, such questions are often 
rhetorical. For instance: what, we ask, is the shape of 
things to come? Believers in pseudoscience predict 
that the world will end horribly this year. (We urge 
such people to read Brainwave, so that they may 
regain a signifi cant portion of their un-doomed lives.) 
Mathematics, it turns out, is great gauge for the shapes 
of things. 2012, Mayan fl imfl ammery notwithstanding, 
is a signifi cant year for the world of numbers. For one 
thing, it’s a leap year, which means that the past three 
years worth of chinless Februaries are about to assert 
their rights and lay claim to an extra day. 2012 also 
marks the birth centenary of the great mathematician 
and code-breaker Alan Turing (who also famously 
fathered the concept of Artifi cial Intelligence in 
computing). It looks to be a good year for numbers. 

Which is just as well. In this action-packed issue 
of Brainwave, we use Geometry to help refi ne our 
vision of the world. Elsewhere in these pages, we take 
a deep longing look at dosas, 3D printers, zombies, 
caulifl owers and lots else. Hang on tight for the ride!

   Scientifi cally,
 Vinayak
 vinayak.varma@ack-media.com

Beginnings
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You will need: 
• Filter paper
• A glass
• Sketch pens or whiteboard 

markers

Tricks with Colour
1. Stick strips of fi lter paper 
on a long pencil.

No
fa
cr
us

3. 
sh
th
ho

2. Make a big dot, each a 
different colour, towards the 
end of every strip.

5. Wait for a while, and you’ll 
see interesting things happen 
on the paper strips.

Why dark dots 
change colour: 
The process that separates 
mixtures into their individual 
components is called 
chromatography. A mixture 
contains different types of 
molecules. The speed with 
which these molecules react to 
water (called solubility) usually 
varies. Chromatography uses 
this property of liquids to 
separate them. So as the fi lter 
paper absorbs water, dark 
dots separate into the various 
colours that make them up.

Bo
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lea
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gr
m
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th
gr

3. Place the pencil on the 
glass, letting the fi lter paper 
strips hang down into it.

4. Fill the glass with water, 
until the ends of the strips 
are just touching the water.

Tr

Method:

by Arvind Gupta  
(www.arvindguptatoys.com) 
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6. The coloured dots will 
seem to have climbed up the 
paper and settled themselves 
at different heights. Darker 
shades like black and brown, 
will seem to have divided 
themselves into different 
colours!
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Now that you’re aware of this 
fascinating effect, you can 
create interesting patterns 
using chromatography.

3. Fold a tissue paper into the 
shape of a cone, and insert 
the tip of the cone through the 
hole in the disc. 

4. Keep this contraption in a 
glass of water, such that the 
base of the tissue paper cone 
touches the water. 

5. You will notice beautiful 
patterns emerge on the disc. 
Arrange the dots differently to 
get different patterns.

n 

Bonus Experiment
Try the chromatography 
experiment with leaf pigment 
instead of ink. You can extract 
the pigment by placing the 
leaf on fi lter paper and rolling 
a coin over it. When you lift 
the leaf, you’ll notice that the 
green colour from the leaf has 
made an impression on the 
fi lter paper below. Try to get 
as much of the green on the 
paper as you can. 

At the end of doing the 
experiment, you will notice 
that it’s not just shades of 
green that appear. There 

Try This:

A
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a
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1. Make a small hole in the 
centre of a fi lter paper disc.

2. Draw fi ve or six coloured 
dots around the centre, 
spaced apart. 

A
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k
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A
d
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A
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a
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are also shades of yellow 
and sometimes, orange and 
red. All these pigments are 
present in leaves, apart from 
chlorophyll. The only times 
they are visible, though, is in 
autumn, when chlorophyll 
breaks down and allows the 
other pigments to be seen..
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In which we 
encounter Greek 
all-rounders, kissing 
bubbles, perfect 
spider webs and 
infinite caulifl owers.
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800 km
       x 50

40,000 km

800 km

Sun’s rays

7.2˚
1/50th of a circle

Syene

Alexandria

7.2˚

For anyone who has ever scratched her 
head trying to prove random things 
about random triangles called ABD or 

PRQ, it can seem like geometry was invented 
solely to trouble and confuse. Surprisingly, it 
wasn’t. This fi eld of study began to develop 
three to four thousand years ago when 
folks needed to measure land. In fact, the 
word geometry is ancient Greek for ‘earth 
measurement’. And no one demonstrated 
this idea better than the erudite Greek 
mathematician, poet, athlete, musician and 
altogether stellar all-rounder, Eratosthenes. 
Around 240 BCE, he used his impressive 
knowledge and some simple geometry to 
fi nd the circumference of the earth.

As the head librarian at Alexandria in Egypt, 
Eratosthenes came upon many interesting 
tidbits of information. One was that at the 
stroke of noon on July 21, the longest day of 
the year, the sun shone directly overhead on 
a place called Syene, an ancient Egyptian 
city. At this exact time, the refl ection of the 
sun would be visible in a deep well, and a 
stick planted in the ground would have no 
shadow. But the ever-curious Eratosthenes 

noticed that this was not true at Alexandria, 
located to the north of Syene. He correctly 
concluded that this was because the earth 
was round. At noontime on July 21, the 
sun’s rays would be parallel to a stick in the 
ground at Syene, but at an angle to a similar 
stick in Alexandria. He measured this angle 
at Alexandria using the shadow that was 
cast, and found it to be one-fi ftieth of a circle, 
or a little over seven degrees.
 
Next, Eratosthenes set about fi nding the 
distance between Alexandria and Syene. 
Some stories say that he paid men with 
camels to go back and forth between the 
two cities to measure how long they took. 
The distance turned out to be about 800km. 
Now, since Eratosthenes knew that the angle 
between the two places was one-fi ftieth of a 
circle, and they were along the north-south 
direction, he just had to multiply the distance 
between them (800km) by fi fty to fi gure out 
that the earth’s circumference was around 
40,000km. We now know that this is very 
close to the correct answer! Eratosthenes 
went round the earth geometrically without 
even leaving Alexandria..
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Cracking 
the 
Euler 
Code

Alby had a pile of paper in front of him, 
fi lled with strange lines, squares and 
triangles. The fi gures seemed to have 

been scratched out in anger. Alby’s hair was 
more messed-up than usual and he had 
almost chewed the top of his pencil off, when 
Arby showed up.

“It’s Skreee! She’s challenged me to draw 
these fi gures without lifting the pencil from 
paper, and without retracing any lines,” Alby 
said, pointing to a sheet of paper with two 
fi gures on it.

“And I can’t even do the fi rst one!” he added 
morosely.

Arby smiled. “You should know Skree! better 
by now Alby. It’s a trick question. Take a 
break and I’ll tell you about this clever 
Swiss guy whose name is spelt E-u-l-e-r, but 
pronounced ‘Oiler’!”

“In the 1700s, Euler tried to solve a tricky 
problem known as the Seven Bridges of 
Königsberg,” Arby explained. “The town 
of Königsberg, now in Russia, was divided 
by the river Pregel which fl owed across 
it. Seven bridges on the river connected 
different parts of the town. The puzzle 
involved fi nding a path through the town 
so that you walked across all seven bridges 
without crossing any of them more than 
once.”

“Euler, being a smart chap, didn’t waste 
his time walking around Königsberg. He 
knew that the town and its bridges could 
be represented on paper – each bridge was 
made into a line and each part of the town 
became a corner. Something like this,” said 
Arby, whipping out his pocketbook and 
making a quick sketch:

“A
to 
or
ho
on
fi g
m
th
fou
re
wi
re
wi
wa
re

Fig.1 Fig.2

1 2

67

by Srinath Perur
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35

3

3

Parts of 
the Town

Bridge

er 

ut 

“After making this rough map, he only had 
to draw the fi gure without lifting his pencil 
or retracing any lines. This would tell him 
how to walk across all seven bridges only 
once. What Euler found was that some 
fi gures could not be drawn this way, no 
matter how hard you tried. He counted 
the number of lines at each corner and 
found that a fi gure could be drawn without 
retracing only if it had two or fewer corners 
with an odd number of lines. Since the fi gure 
representing the bridges had four corners 
with an odd number of lines, there was no 
way to walk across all seven bridges without 
retracing your path,” Arby fi nished.

“The cool part of Euler’s rule is that we can 
apply it to any fi gure, including Skree!’s,” he 
added, holding up the paper with the cryptic 
fi gures that Alby had been struggling over. 

“Now, the fi rst fi gure has four odd corners, 
which is more than two, so it is impossible 
to draw this without lifting your pencil or 
retracing any lines. Skree! has tricked you, 
Alby! The second fi gure has only two odd 
corners, so although it looks harder, you can 
draw it without going back on any lines,” 
Arby said.

Alby sat fuming for a while before he had a 
sudden doubt. “Wait a minute Arby, when did 
you learn all this?”

Arby sighed. “Not soon enough,” he said. 
“Skreee! had me waste all of last week on 
this!”.
Note to reader: Can you draw Fig.2 (see 
above) without lifting your pencil and 
without retracing any line? Euler assures you 
it’s possible!
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Want to know who Arby, Alby and Skree are? Log 
onto www.bwmag.in/category/smarties to fi nd out!
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Just what is so special about 
the Möbius strip? A normal 
loop of paper has two surfaces 
– inner and outer – and two 
edges. But the Möbius strip 
has only one of each. Try 
running your fi nger along the 
surface or the edge to observe 
this. Next, try cutting the 
Möbius strip into two strips 
of half the breadth. Instead of 
two strips, you end up with a 
single twisty strip that is twice 
the size! Now, try cutting it 
at one-third of its breadth. 
This time, you will get two 
interlinked strips!

Finally – and this cannot be 
done at home – two Möbius 
strips can be joined to make 
what is called a Klein bottle. 
This is a bottle whose outside 
is inside and whose inside is 
outside!.

by Srinath Perur

After Leonhard Euler 
solved the problem 
of the Bridges of 

Königsberg in 1736, it led 
to an exciting branch of 
mathematics called topology. 
Nicknamed ‘rubber-sheet 
geometry’, this fi eld of maths 
studies properties of shapes 
that do not change even when 
they are bent or stretched.

One of the most curious 
shapes studied by topology 
is the Möbius strip. You can 
make one by taking a strip 
of paper, twisting it once and 
joining the ends. Like this:

Playing with 
topological shapes

Fe
Ap
a s

Twist the strip

Stick 
the ends

Cut into half of 
its breadth



Cut into one-third of 
its breadth

Klein Bottleottle
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Featuring the legendary 
Apollonius, kissing circles and 
a smattering of math geeks

“Hasn’t all the maths 
been fi gured 
out already?” 

I’m a mathematician, and 
I get asked this question 
almost every day. Well, my 
job is to solve problems that 
haven’t been solved before. 
Sometimes this means 
stumbling upon an old one, 
to fi nish a story that started 
long, long ago.

From Greeks to Geeks

This story is thousands 
of years old, and has its 
beginnings in ancient 
Greece. In fact, the problem 
it poses is still being studied 
by mathematicians around 
the world. It’s an epic 
mathematical problem 
featuring fi zzing bubbles, a 
letter from a wise man to a 
princess, and a poem. It all 
begins with the pouring of an 
aerated drink…

Bubble Trouble

When you pour a soft drink 
into a glass, have you noticed 
how bubbles of different 
sizes cluster at the top? A 
mathematician might look at 
them and wonder what the 
relationship between the sizes 
of the bubbles could be. 

It turns out that more than 
2000 years ago in Perga, 
Greece, a man called 
Apollonius was solving 
a related problem about 
the geometry of circles. 
Apollonius was one of the 
great scientists of his day, 
making discoveries in 
astronomy and mathematics 
that have survived to this day. 
There’s even a crater on the 
moon named after him!

A Very 
Fizzy 
Story
by Jayadev S Athreya

Kissing Circles

So what was the circular 
problem that Apollonius 
was mulling over? It has 
to do with kissing circles! 
Mathematicians say two 
circles are tangent if they 
touch at exactly one point. 
It’s easy to draw two circles 
that are tangent, and even to 
draw one more circle that is 
tangent to the fi rst two circles. 
But what if we wanted to 
draw a fourth circle, tangent 
to all the fi rst three circles? 
Apollonius proved that there 
could be only two possible 
fourth circles, an inner one 
and an outer one. (See picture 
below)
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After drawing the inner and 
outer circles, what if we keep 
going and fi ll the regions 
between with more circles, 
following the rule that every 
new circle has to be tangent 
to three of the circles drawn 
before? Eventually, we’ll get 
a picture like the one on top, 
known as the Apollonian 
gasket. This is an example 
of a fractal or a shape which 

looks the same no matter how 
much you zoom in! (On a 
more refreshing note, doesn’t 
this also look like the bubbles 
on top of a glass of Limca?)

Poetic Bends

Now, let’s see what the sizes 
of the circles tell us. In 
school, you may have learnt 
to measure the size of a circle 

by calculating the area inside, 
or the length around (the 
circumference). You probably 
know these quantities can be 
calculated from the radius of 
a circle, which is the distance 
from the centre to the 
boundary. Something you may 
not know about, is the curving 
or bend of a circle, which is 
calculated by dividing one by 
the radius. 
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This is expressed in the 
formula: 

k (bend) = 1/r (radius)

For example, if a circle has 
a radius of 3, it has a bend 
of 1/3, and if it has a radius 
of 5, it has a bend of 1/5. 
The bigger the radius of a 
circle, the lesser the bend or 
the curve, whereas smaller 
circles have greater bends. 

It turns out that if we 
look at four circles which 
are tangent, there is a 
very special relationship 
between their bends. This 
formula was discovered by 
French mathematician and 
philosopher Rene Descartes. 
He fi rst mentioned it in his 
letter to Princess Elizabeth of 
Bohemia. 

According to the formula, if 
you add up the squares* of 
the bends and multiply it with 
two, that’s the same as fi rst 
adding up the bends and then 
squaring the total. We have 
to be a little careful with the 
outside circle, though – since 
it bends towards the fi rst 
three circles, we consider its 
bend to be a negative number.

If you don’t like all this 
mathematical talk, let’s say 
it in verse. An American 
Nobel prize-winning chemist, 
Frederick Soddy, rediscovered 
the equation above in 1936, 
and wrote a poem about it 
in the magazine Nature. The 
fi rst verse of the ‘Kiss Precise’ 
tells us about Apollonius’ 
discovery, and the second 
one briefs us on Descartes’ 
formula:

Four circles to the kissing 
come.

The smaller are the benter.

The bend is just the inverse of

The distance from the center.

Though their intrigue left 
Euclid dumb

There's now no need for rule 
of thumb.

Since zero bend's a dead 
straight line

And concave bends have 
minus sign,

The sum of the squares of all 
four bends

Is half the square of their sum.

Counting Circles

We’re still fi guring out more 
about Apollonian gaskets. For 
instance, imagine looking at 
one of the gaskets through a 
microscope. As you increase 
the magnifi cation, you’ll see 
more and more small circles. 
How many will you see? To 
answer this question, teams of 
mathematicians from all over 
the world (including the US, 
India, Korea, Russia, France, 
and South Africa) have had to 
use radically new techniques. 
This 2000-year-old story, 
from a mathematician’s 
perspective, is just getting 
started. I hope you’ll be 
inspired to help write the next 
chapters.

To see a fractal in action, 
head to this link: 
www.ibiblio.org/e-notes/
html5/fractals/mandelbrot.
htm.
Jayadev S Athreya is 
an assistant professor 
of mathematics at the 
University of Illinois, Urbana-
Champaign, USA

*If n is a number, n2, the 
square of n, is given by 
n2 = n x n. 

r1

r4

r2 r3

1/r1= a 1/r2= b 1/r3= c 1/r4= d

The formula said that if a, b, 
c and d are the bends of the 
four circles, then 
2(a2+b2+c2 +d2) = (a+b+c+d)2
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PAUL CEZANNE, like so many of us, viewed everything in nature as 

cones, cylinders and spheres. unlike most of us, he made rather 

famous paintings of apples scattered over towels.

18 YEARS LATER, CAME A MAN WHO WAS UNAFFECTED (IN 

A GOOD WAY) BY WHAT THOSE SCHOOL TEXTBOOKS OF 

GEOMETRY TOLD US. HIS NAME WAS BENOÎT MANDELBROT. 

SHHH. IL 
DORT DANS 
LES CHOUX-

FLEURS.*

CLOUDS ARE 

NOT SPHERES, 

MOUNTAINS ARE NOT 

CONES, COASTLINES ARE 

NOT CIRCLES, AND BARK 

IS NOT SMOOTH, NOR 

DOES LIGHTNING TRAVEL 

IN A STRAIGHT LINE.

MANDELBROT’S STATEMENT 

MADE MANY MATHEMATICIANS 

SHIFT UNCOMFORTABLY IN 

THEIR TRIANGULAR CHAIRS AND 

HEXAGONAL COFFINS.

VOICI LE 

CHOU-FLEUR.**

I CUT

 HERE...

YOU CAN KEEP CUTTING 

CAULIFLOWER FLORETS 

OVER AND OVER RIGHT 

DOWN TO INFINITY,

AND YOU’D JUST 

GET — SMALLER 
CAULIFLOWERS!

S

S
C

R

T

O

G
R

T

T

A

U

L

C

F

B

K

AGAIN

AGAIN

AGAIN

*He’s working very hard right now.

**I’ll show you 
something amazing.

MULTI
VERSE
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MANDELBROT THUS 

DEMONSTRATED THE 

CONCEPT OF THE 

GEOMETRIC SHAPE 

KNOWN AS THE 

FRACTAL.

A FRACTAL IS 

A ROUGH AND 

FRAGMENTED 

SHAPE,

SURPRISINGLY, 

SURGEONS 

COULD REALLY 

RELATE TO 

THIS BRANCH 

OF MATHS.

THAT CAN BE 

SPLIT INTO 

PARTS

EACH OF 

WHICH

IS A SIMILAR, 

SMALLER 

COPY OF THE 

WHOLE.

SO COULD 

BOTANISTS.
AND THE 

SMALL FUZZY 

CREATURES 

THAT LIKE TO 

EAT GINGER.

GEOGRAPHERS 

REALISED THAT 

THE COASTLINES 

THEY’D GLEEFULLY 

APPROXIMATED 

USING STRAIGHT 

LINES AND ODD 

CURVES WERE 
FRACTALS TOO.

THEY HAD TO 

RE-MEASURE 

DISTANCES 

FOR EVERY 
MAP EVER 

MADE.

BRAVE TEACHERS INTRODUCED 

KINDERGARTENERS TO FRACTALS.

IT IS COMMONLY BELIEVED 

THAT MANDELBROT DIED AT 

THE RIPE OLD AGE OF 85.

HE WAS LAST SEEN CARVING THIS 

FAMOUS FRACTAL PATTERN IN A 

WHEAT FIELD IN ENGLAND.

fin
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HISTORY
MAKER

Euclid’s 
Geometric 
Universe
A semi-hypothetical biography of the Father 
of Geometry, partially based on speculations 
about his life

Back in 320 BC, even when Euclid was 
a young student at Plato’s Academy 
in Athens, he possessed a razor-sharp 

mind. He wouldn’t just agree if someone told 
him something like, “These leaves are in 
two equal heaps.” He would want to know 
why they said that and wanted to check 
everything for himself.

Soon Euclid found that he was a bit bored 
with Athens. So when he fi nished his 
education, he headed to Alexandria. With its 
fl ourishing book business and great library, 
Alexandria was the place to be for scholars, 
philosophers and thinkers, who spent their 
time pondering, musing and generally 
wondering about the mysteries of life. 
And our brainy Greek scholar Euclid was 
one of them. By then, he had realised that 
there were so many geniuses like Eudoxus, 
Theaetetus, Pythagoras, Thales, Plato and 
Aristotle, who had all made great headway 
in the fi eld of mathematics. But most didn’t 
know about their discoveries, or they just 
didn’t believe any of it. What was missing 
was a reference book. A collection of proofs!

So Euclid became a maths teacher by day, 
and by night, he wrote a book. The word 

by Aparna Kapur

‘book’ doesn’t do this gigantic treatise 
justice, though. Euclid’s Elements was a 
thirteen-volume landmark that changed the 
way people looked at mathematics. In this 
book, he collected discoveries, constructed 
theorems, formed defi nitions and provided 
proofs. And this is why we call Euclid the 
‘Father of Geometry’ today.

A peek into Euclid’s ‘Elements’:
First off, Euclid came up with fi ve Common 
Notions:

1 Things which equal the same thing also 
equal one another.
If the number of pens you have is the same as 
the number of pens on the table. And if the 
number of pens your sister has is also the same 
as the number of pens on the table, then you 
and your sister have the same number of pens.

2 If equals are added to equals, then the 
wholes are equal.
3 If equals are subtracted from equals, then 
the remainders are equal.
So if you add or subtract two more pens to 
your stash and your sister also does, you both 
will still have the same number of pens.
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Give me the 
8.5m stick.

a c

b

90˚

Remember! Cut it
in equal volumes.

e 

n 

4 Things which coincide with one another 
equal one another.
Quite simply, if you lay one pen on top of 
another, and their ends coincide exactly, then 
they are of equal length.

5 The whole is greater than the part.
The pens you and your sister have belong to a 
greater collection of all the pens in your house. 
The entire collection will always be more than 
the number of pens you or your sister may each 
have.

It is because Euclid proved these common 
sense principles so long ago, that they seem 
so obvious to us now.

In Book 1, Euclid set about proving the 
Pythagoras theorem. 

Tetrahedron
made 
from four 
equilateral 
trianlges


Octahedron
made 
from eight 
equilateral 
trianlges


Cube
made from 
six squares

Dodecahedron
made from 
twelve 
pentagons


Icosahedron
made from 
twenty 
equilateral 
triangles
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Although it may seem like a complicated 
rule that has to be mugged up, its real life 
applications are amazing. You can fi gure out 
the height of a mountain without actually 
measuring it, for example. Or fi nd the 
shortest distance between two points and 
construct a right angle using only a ruler.

In Book 12, Euclid told his readers how to 
calculate the volume of a cone, cylinder, 
cube and sphere. The methods that he 
described back then are still relevant today 
when we calculate the capacity of a vessel, 
measure one litre of milk or try to fi gure 
out how many onions can fi t in a box of a 
particular size.

a2+b2=c2

In Book 13, Euclid explained the properties 
of the fi ve ‘Platonic solids’. Platonic solids 
are three-dimensional shapes with fl at faces, 
straight edges and equal sides. According to 
Euclid, there are only fi ve such solids..
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TOP
TEN

THE WORLD’S 

WEIRDEST
IRREGULARS

Come to think of it, 
geometry’s got a whole lot 
to do with beauty. In fact, 
the ancient greats like 
Leonardo da Vinci made a 
huge deal of it, proving that 
proportion and symmetry 
are basic to beauty. So when 
some of our co-inhabitants 
on the planet don’t adhere 
to these ideals of geometry, 
the result is disproportionate 
mouths, comic noses 
and bulbous eyes. In this 
month’s ‘World’s Weirdest’ 
countdown, we meet these 
geometry-defying creatures. 
Let’s also take a look at some 
manmade objects that got 
their geometry all wrong, and 
ended up being odd-sized, 
impractical and downright 
irregular.

by Sangeeta Bahuguna

PHILIPPINE TARSIER MONKEY:  
The smallest monkey in the 
world, the tarsier is the size 
of your palm and weighs 
no more than a packet of 
biscuits. But with enormous 
eyes that are thrice the size of 
human eyes, this teeny-tiny 
creature looks like a horror 
fi lm monster. Unfortunately, 
the goggling eyes are more an 

ANTILLA:  Named after the 
mythical island Antilla, this 
27-storey monstrosity has got 
to be the most asymmetrical 
house in the whole world! It’s 
also monstrously expensive 
and cost Rs 4000 crore to 
build! Considering that 
Mukesh Ambani is the richest 
man in India, one wonders 
why he couldn’t have hired 

UMBRELLA MOUTH GULPER 
EEL: Picture a large, 
wide-open, toothy mouth 
swimming at you. This 
isn’t sci-fi  fantasy. It’s the 
umbrella mouth gulper eel, 
perhaps one of the most 
bizarre-looking creatures in 
the deep sea, with a mouth 
so enormous that it’s much 
larger than the rest of its 
body.

COINS FROM YAP: This takes 
the cake for being world’s 
most unmanageable currency 
ever! I’m sure we all dream of 
‘big money’, but thankfully we 
don’t take it literally, like the 
inhabitants of Yap did. They 
happened to use stone wheels 
as cash, which happened to 
be larger than tractor tires! 
These doughnut-shaped, 
giant stone coins weighed 
a ton and literally changed 
hands to buy land or pay for 
services. While the Yapese 
do not use this currency 
anymore, they still roll it out 
on the odd occasion like a 
wedding.  

WORLD’S LONGEST NOSE:
Bet you didn’t know that 
there’s an annual ‘Longest 
Nose Competition’ in Turkey 
every year, and that Mehmet 
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impediment than of any use. 
For fear of getting poked by 
branches, tarsiers pounce on 
their prey blindly, with their 
eyes tightly shut. This makes 
them miss their targets more 
often than not. Weirdness 
factor: The tarsier’s eyes are 
larger than its brain and its 
stomach.
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monkey does not have a 
better sense of smell than 
other monkeys with regular 
noses. The right answer: 
to help attract a suitable 
mate. Would you believe it? 
This freaky nose apparently 
drives the women proboscis 
monkeys wild. Such monkey 
business!

FRANCISCO DOMINGO 
JOAQUIM OF ANGOLA: Fondly 
known as the Angolan Jaw 
of Awe, Francisco holds the 
world record for having the 
widest human mouth. Proof 
of this:  he can fi t a Coke can 
sideways (gasp!) in his 17cm-
wide mouth. Kids, don’t try 
this at home.

BLOBFISH: And the crown for 
the most un-geometric living 
thing goes to the blobfi sh, 
universally acknowledged 
as the most hapless looking 
creature on earth. A 
shapeless, gelatinous mass, 
with an almost cartoonish 
downward sloping mouth, a 
bulbous nose and raisin eyes, 
it’s clear that evolutionary 
geometry gave this deep sea 
fi sh a miss!.
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STAR-NOSED MOLE: 
And while we’re on the 
subject of strange noses, 
nothing can beat the comic 
embellishments on this 
creature’s tiny nose. This 
mole has 11 pairs of fl eshy, 
red fi ngers growing out of its 
minuscule nose. Mercifully, 
like all moles, it’s blind and 
can’t see itself.

PROBOSCIS MONKEY: Clearly 
the most ridiculous-looking 
creature on earth, this 
monkey has a large, fl eshy 
and pendulous nose. Any 
guesses why it needs such 
a big nose? For its super 
monkey sense of smell, you 
say? Wrong! The proboscis 

TAPIR: Every year, April 27 
is celebrated as World Tapir 
Day, to raise awareness 
for “one of the most non-
conventionally-attractive 
mammals in the world”. 
That’s saying it with 
politically correctness, 
because the tapir is nothing 
but one huge, weird snout! If 
you look at the tapir’s face, 
it’s just one large nose with 
no distinction between the 
forehead, jaw line and the 
chin. “All nose and no face 
makes tapir a nosey boy” 
goes the Old Jungle Saying.
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Ozyurek has been winning 
it hands down (err…noses 
down?) for the last couple of 
years. Why? Because he’s the 
proud owner of a snout that 
sticks out four inches from his 
face!
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You will need:
1  Five empty matchboxes 
2  Insulation tape (black will look nice, but      
    you can use other colours too) 
3  A plastic bag. Thin cloth will work as well.
4  Strong glue
5  Cardboard pieces or chart paper
6  A few sticks or straws

Step 1
Arrange and glue five matchboxes like in 
the picture below.

Step 3
Make a hole in the matchbox in the 
middle. Fix a stick or straw into the hole 
as shown. (Don’t poke all the way 
through the bottom of the ship, though!)

Step 4
Cut a out a square from the plastic bag 
and tie its corners to two sticks to create 
the sail.Step 2

Once the glue dries, wrap it in insulation 
tape to make it waterproof. That’s right, 
our ship will actually be seaworthy. (Or 
at least pond/pool-worthy!)

by Chaitanya Krishnanby tanya Krishnan Chait
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Tape this part

Trace this

Step 5
Attach the sail to the ship’s central mast 
like in the pic. Tape the lower stick to 
the ship’s ‘deck’ so that it doesn’t move.

Step 7
Stick the dragon head to the ship’s front, 
and glue a small triangular bit as the tail 
on its other end.

Step 6
Take a rectangular piece of cardboard 
or chart paper. Fold it in half and draw a 
dragon head on it, with the neck at the 
fold. Cut it out.

Step 8
If you put the ship in water, you’ll see 
that it will turn around to match the 
changing direction of the air currents! 
All on its own!

Here’s how it works:

The wind blowing 
from the sides will 
be caught by the 
rudder-like head 
on the ship’s bow 
or front.

This causes the 
ship to turn 
towards the 
direction of the 
wind current.

Once it has the 
wind behind it, 
the main sail 
propels the ship 
forward!

January 2012 21

vol02brainwave2crashproof.indd   23vol02brainwave2crashproof.indd   23 12/20/2011   3:43:44 PM12/20/2011   3:43:44 PM



KINGDOM
ANIMALIA

Geometry 
in the Wild by Inga B Tollefsen and Siddharth Rao

Geometry is much more 
than the mathematical 
formulae we learn 

in school. In reality, it is all 
around us, even in nature. 
The geometry of the natural 
world can be beautiful, 
surprising, and at times, 
sinister. Here’s how.

Sticky and Non-sticky 
Symmetry

A spider’s web is one of the 
most dramatic examples 
of perfect geometry in the 
natural world. Its sticky 
symmetry has proven to be 
such a successful way of 
capturing prey that the spider 
and its web have remained 
unchanged for nearly 140 
million years. The type of web 
that spiders most commonly 
weave is the orb web, as 
created by the giant wood 
spider or Nephila maculata in 
the picture on your right.

Symmetry is an important 
part of geometry in the 
natural world. Take a look 
in the mirror: you, and other 
humans, as well as most 
animals, exhibit ‘bilateral 
symmetry’. This means that 

Find out what honeybees 
and spiders have to do with 
hexagons and symmetry

one side of your body is a 
mirror image of the other 
– two legs, two hands, two 
nostrils – you get the picture. 
But there are a few animals 
that are non-bilateral. Like 
the starfi sh which displays 

a kind of radial symmetry 
(when an organism can 
be divided into equal parts 
around a central axis) called 
‘pentalateral symmetry’. This 
is because a starfi sh’s body 
is aligned along fi ve rays 
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of symmetry (that is, along 
fi ve arms radiating from its 
central body).

There is a crazy amount of 
symmetry going on in the 
plant world as well. An orchid, 
for instance, is bilaterally 

symmetrical. In plant-speak, 
this is called ‘zygomorphic’. 
Botanists use these varying 
types of symmetrical 
arrangements to classify 
plants. Like the different 
patterns in which leaves are 

Superfl y

Try catching a fl y and look 
into its eye with a powerful 
microscope. A fl y’s eye is 
incredibly different from a 
human eye. Insects have a 
‘compound eye’, made up 
of enormous amounts of 
photoreceptor units on a 
convex or outwardly curving 
surface. These photoreceptors 
form a beautiful geometric 
pattern, often in hexagonal or 
six-sided shapes. 

Since the convex surface 
is slightly curved, all the 
receptor units point in slightly 
different directions, giving the 
housefl y an incredibly wide 
fi eld of vision. Maybe that’s 
why it’s so hard to sneak up 
on it!

Hexagonal Sweetness

The honeycomb that 
honeybees build inside 
their hives is another great 
example of geometry in 
nature. The honeycomb is 
a mass of hexagonal cells 
made out of wax, and is used 
to store larvae, pollen and 
honey. Why the honeycomb is 
shaped hexagonally is highly 
debated among scientists, 
but the answer is probably 
because this shape makes the 
best use of the space inside 
the beehive.

attached to the stem are used 
to identify species. There are 
three basic arrangements: 
alternate, opposite and 
whorled (spiralled).

From keeping honey sweet 
to trapping prey sinisterly, 
geometric shapes are present 
all over the animal world. 
Surely you can think of 
many, many more ways in 
which plants and animals 
use geometry. Take your 
magnifying glass, go out into 
the garden and explore!.
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KINGDOM
ANIMALIA

by Dr Shonali Chinniah/Curiouscity

Have you ever wondered 
what lives at the 
bottom of the deep 

blue seas? The earth’s oceans 
cover over 75% of its surface, 
and have trenches (like the 
Mariana trench) that are 
deeper than the Himalayas 
are high. 

Imagine the kind of creatures 
that live in these dark, heavy 
depths of the ocean and ask 
yourself, what do they eat? 
How do they fi nd food? How 
do they fi nd mates? And how 
do marine biologists study 
them? They can’t possibly 
dive that deep, as the water 
pressure would squash them 
instantly. They can’t take an 
aerial photograph of deep sea 
creatures like they could of a 
herd of elephants, to see just 
how many there are.  

Bizarre, colourful and 
completely over-the-top, let’s 
meet the shy and elusive 
creatures that live at the 
bottom of the earth’s oceans

And so we are limited to 
using the methods below to 
study deep ocean fi sh:
• Using nets to capture them
• Relying on fi shermen’s 

catch data to get an idea of 
their distribution

• Using high frequency 
acoustic waves like sonar

• Using submersibles or 
ROVs (Remotely Operated 
Vehicles) to explore deep 
oceans

But what these methods 
tell us are just the tip of the 
iceberg. Almost 90% of our 
oceans remain undiscovered 
by scientists, because this 
underwater world is so 
inaccessible to humans and 
so very vast.

Despite these diffi culties, 
marine scientists have 
discovered many strange 
creatures that exist at great 
depths of the ocean. Let’s get 
to know these fascinating 
underwater beings a little 
better.

Anglerfi sh
The anglerfi sh lives in one of 
the earth’s most inhospitable 
habitats: the dark and murky 

depths of the Atlantic and 
Antarctic oceans, up to a 
mile below the surface. Its 
most distinctive feature is 
its peculiar headgear. Worn 
only by female anglerfi sh, it 
consists of a piece of dorsal 
spine that juts out above its 
mouth like a fi shing rod. On 
this rod, dangles a fl ap of 
luminous fl esh which acts 
as a bait to snatch prey that 
come too close.

Hachetfi sh
The hatchetfi sh has a really 
thin body which resembles 
the blade of a hatchet or a 
short-handled axe. Bizarrely, 
its tube-shaped, large eyes 
seem to be permanently 
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fi xed, gazing upwards. This 
helps them fi nd food falling 
from the water above. It also 
gives them a mad look, with 
bulging eyes rolled up.

Blobfi sh            
The unfortunate-looking 
blobfi sh (just take a look 
at it will you?) is in danger 
of becoming extinct. The 
bloated bottom dweller, 
which can grow up to 12 
inches, lives at depths of up 
to 900m, making it a rarely-
spotted creature. But thanks 
to increased fi shing, the 
blobfi sh gets hauled up by 
trawlers. Although it is not 
edible, it happens to live in 
the same depths as other 
appetising sea creatures like 
crabs and lobsters.

Frogfi sh
Frogfi sh are found in tropical 
and subtropical oceans and 
are a type of anglerfi sh. They 
use camoufl age to either hide 
from predators or look like a 
potential meal to their prey. 
These scaleless fi sh come 
in very unusual shapes and 
textures.

Pacifi c Blackdragon
Female blackdragons are 
rather creepy-looking and 
have fang-like teeth and a 
long, tapering chin whisker. 
While they are about two feet 
long, the males are much 
smaller at just about 3 inches. 
Plus, the male blackdragons 
have no teeth, chin barbel 
or stomach. Unable to feed 
themselves, the male species 
of the Pacifi c blackdragons 
only live long enough to mate.
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Piglet Squid
This oceanic squid is small 
(only 10cm) and has a body 
shaped like a large funnel 
attached with small paddle-
like fi ns. Little is known 
about this weird-looking deep 
sea creature, which lives at 
a depth of more than 100m 
below the ocean.  

Boxfi sh             
The boxfi sh lives off Sulawesi 
Island in Indonesia. Obviously 
shaped like a box, this fi sh is 
brighter in colour when it’s 
young. As the boxfi sh ages, it 
turns a duller blue-grey.
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Psychedelica
A recently discovered fi sh, 
the psychedelica is a type 
of frogfi sh. What is really 
peculiar about this colourful 
fi sh is that it bounces on the 
ocean fl oor — like a ball! It 
fl aunts tan and peach zebra 
stripes that stretch from 
its blue eyes to its tail. The 
psychedelica also has fi ns that 
have evolved to be leg-like. 
The fi sh was discovered by 
scuba diving instructors in 
the shallow waters of Ambon 
Island in Indonesia. 

Leafy Seadragon
Found along Australia’s 
coast, the leafy seadragon 
can grow up to 18 inches. 
While mating, the female 
deposits up to 250 pink eggs 
onto a ‘brood patch’, which is 
situated under the tail of the 
male seadragon. The eggs 
attach themselves here and 
get fertilised..

Chimaera
This strange fi sh, nicknamed 
the ‘ghost shark’, is one of 
the oldest deep sea creatures 
around. It uses its long snout 
to scan the sea fl oor for 
electrical impulses emitted 
by its prey. Just like a metal 
detector!

Glass Squid
There are about 60 species 
of glass squids that inhabit 
the oceans. The one pictured 
above wears a fantastical 
polka-dotted cloak, called a 
mantle.  

Phronima
The Phronima is an odd-
looking deep sea creature. It 
was recently discovered by 
scientists on an expedition to 
a deep sea mountain range in 
the North Atlantic.
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ASK US
WHY

by Srinath Perur

 Ranjani S asks, “How is 
rainwater pure when the 
evaporated water from 
lakes, rivers and oceans 
is salty and impure?”

If you’re sipping on a glass of fresh 
rainwater as you read this, you might 
want to put it aside.

Water from natural sources, such as lakes, 
rivers and oceans, can have several other 
things in it: dissolved salts and gases, algae, 
bacteria, other tiny living things and small 
amounts of metals and chemical elements. 
These can be present even when the water 
appears to be perfectly clear. To make 
water from a river or lake fi t for drinking, 
it’s a good idea to fi lter it to remove larger 
impurities, and then boil it to disable any 
disease-causing agents. You may have 
noticed that boiled water has a slightly weird 
taste. This is because boiling removes some 
(but not all) of the dissolved gases and salts 
that give water a mild taste.

But if we want really pure water, from which 
(nearly) all impurities have been removed, 
distillation is the way to go. Water is boiled 
until it becomes vapour, which is collected 
separately, and cooled to extract pure water.

Now, the process by which rainwater is 
formed is similar to the distillation process. 
Water evaporates from the surface of the 
earth, forms clouds, and condenses as rain. 
But the similarity ends there. As the rain 
comes down, it picks up dust, gases and 
other substances from the atmosphere. 
When the level of industrial air pollution 
is high, it can even result in ‘acid rain’. At 
times, distant volcanic eruptions and desert 
winds have also caused coloured rain.

If you want to see this for yourself, head 
to Kerala. In 2001, red-coloured rain was 
reported, caused by algae spores in the 
atmosphere. In 2008, small fi sh also rained 
down on a village in Kerala! In some places, 
it has even rained frogs, hay, grasshoppers 
and grain (though not cats and dogs). This 
happens when tornadoes suck them up and 
carry them across distances. 

You can get back to your glass of ‘pure 
rainwater’ now..
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SHOE
BOX

Most of us love our dosas – 
masala, plain or otherwise. 
But when I was a kid, my 
mother used to have a raging 
battle with the dosa whenever 
she tried to make it. She 
would hold the tawa (pan) 
with tongs, and with immense 
force, pry the stuck dosa off 
the tawa. We mostly ended up 
eating dosas-in-tatters.

And then my mother got a 
gift – a nonstick tawa. Then 
we ate dosas that came off the 
pan in perfectly neat circles. 
Sound magical? Well, the 
magic was really in the Tefl on 
coating on the tawa – nothing 
stuck to it!

Tefl on was the brand name 
registered by US-based 
chemical company DuPont 
in 1945, for a material 
accidentally discovered by its 
scientist, Roy Plunkett. The 
material was a plastic called 
‘PolyTetraFluoroEthylene’ 
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or PTFE. The characteristic 
of this slippery substance 
was low-friction against any 
solid. Neither water nor other 
water-containing substances 
could wet Tefl on.

In the early 1950s, a French 
engineer, Marc Gregoire, 
heard of Tefl on and tried to 
apply it to everyday objects 
like fi shing gear. Then his 
wife asked him to put it on 
a cooking pan, so it would 
become “nonstick”. But the 

non-sticky nature of Tefl on, 
made it diffi cult for it to be 
coated on pans. But while it 
wouldn’t bond chemically 
with other materials, it could 
be coated mechanically. So 
Gregoire learnt of a process 
to coat Tefl on onto aluminium 
– fi rst, the aluminium surface 
had to be etched with an acid 
to make it pitted, then Tefl on 
powder was sprinkled on it 
and heated to just below the 
melting point. This got the 
Tefl on to grip the aluminium, 
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Print an object. Sounds 
weird eh? But it can and 
has been done. Recently, 
British designers used 
3D printing technology to 
make prototypes of the 2012 
Olympic Torch. Their reasons 
– it saved time and cost 
them a tenth of the price of 
manufacturing duplicates.

3D printing is ‘additive 
technology’. Layer upon 
layer of the materials, like 
plastics, resins and metals, 
are added and printed out to 
build the whole object. This 
requires software for building 
geometries, layer by layer. 
First, computer-aided design 
creates super-thin slices of an 
object. Then when you click 
‘print’, instead of traditional 
ink, a material is laid out in 
thin slices to create a solid 
object. Imagine that you are 
printing a loaf of bread – the 

d 

m 
e 
d 
n 

m, 

and Gregoire... well, he sold 
his utensils very successfully 
under the brand Tefal (Tefl on-
aluminium). They caught on 
in the US much later, and my 
mother got her Tefl on-coated 
pan in the 1980s.

Though Tefl on is an inert 
substance, chemicals released 
during its manufacture 
are harmful and have an 
environmental impact. It 
needs to be used cautiously 
when it comes in contact with 
food at higher temperatures.

Print in 3D!

loaf is built slice by slice, from 
bottom to top.

The material could be 
powder spread on a printing 
tray which is solidifi ed. Or 
the material could also be 
liquid plastic, which is then 
solidifi ed. The important 
thing in 3D printing is to 
lower the tray after every 
layer is deposited, to make 
space for the next slice to be 
laid out.

Some 3D systems also allow 
you to vary the structures of 
the materials. This is where 
the technology gets really cool 
– with 3D printing, we can 
mimic nature. For instance, 
the human femur or thigh 
bone has varying densities 
and structures to make it 
strong. Scientists are now 
working towards ‘printing’ 

a titanium femur which is 
dense in parts and has a criss-
cross framework in other 
places to allow bone growth.

Furniture, lamps, aircraft 
wing parts, shoes, hats, 
medical implants and even 
robots, are all being printed 
out. The day isn’t far when 
you might go to a dentist 
for a crown. She will key in 
your requirements, print out 
a crown and fi x it on. Pretty 
neat huh?

Starter kits and printers range 
from ` 40,000-` 1,60,000..
Watch the 3D printing of a fl ute 
at this link: www.youtube.com/
watch?v=jlq5R84TlVw&feature
=related
For tutorials about 3D printing, 
log onto this website:
www.shapeways.com/tutorials/
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SIVAKASI, INDIA
Baby Ulaganathan is born to the owners of 
a fi reworks factory. A new brand of bijili 
crackers is launched in honour of his birth. 
They name it ‘Chinggis Mark 25’.

CHENNAI, INDIA
Young Ulaganathan, all of ten-years-old, is 
wrongfully accused of replacing all the salt in 
the school cafeteria with chalk powder, and 
ordered to run 30 rounds around the football 
fi eld. He tires easily, and collapses after 12 
rounds. “I hate this world and everyone in 
it,” Ulaganathan thinks to himself.

VAIRENGTE, INDIA
Having just graduated with top honours from 
Mizoram’s Counter Insurgency and Jungle 
Warfare School, Ulaganathan is dispatched 

to far-off Mauritania to train with an elite 
international commando unit.

HOONG ISLAND, SIERRA LEONE
A terrorist organisation named AVAST tests 
a potent new biological weapon named 
‘Barsoom’. It carries a virus isolated from 
alien bacteria found on Mars. Alas, a 
containment breach! The testing facility is 
attacked by a crack team of international 
commandos, and Barsoom fever begins to 
spread.

FREETOWN, SIERRA LEONE
Infected by Barsoom fever, Major 
Ulaganathan is quarantined in a top-secret 
military hospital. Before doctors begin to 
understand how to treat him, he dies.
Within 24 hours, Ulaganathan miraculously 
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groans back to life, half-alive, half-dead. 
He feels good, different, even stronger than 
before. He has a sudden new leg and an 
extra arm too, making six limbs in all. He 
could chase 300 rounds around a football 
fi eld, if he were so provoked.
He also has an insatiable hunger for brains.

OUAGADOUGOU, BURKINA FASO
A day of well-deserved rest in Parc Bangr 
Weogo. It has been a tough walk up northern 
Africa, and enterprising Ulaganathan has 
made an all-you-can-eat buffet of it, infecting 
thousands along the way. The tastiest human 
he has brained thus far is a gardener named 
Heeble from the suburbs of Bamako. Heeble, 
too, is now undead and loving it.

(OCCUPY) NEW DELHI, INDIA
Ulaganathan, the Great Khan of zombiedom, 
takes Rashtrapati Bhavan. The Indian Army 
is no match for his vast undead hordes. 

In the next two weeks, Ulaganathan and 
Barsoom will make a successful joint strike 
on all remaining humans of the world.

BERLIN, GERMANY
A Nobel-prize-winning epidemiologist 
devises a cure for the fever, but his lab is 
overrun by the undead hordes before he can 
begin to mass produce the antidote. So much 
for that.

SAQQARA, EGYPT
The pandemic has mutated, extending its 
horrible drooly bite to the rest of the animal 
kingdom. The only Barsoom-free creature 
left on Earth now is a Middle-Eastern blind 
mole rat living in the pyramid of Queen 
Sesheshet, having made a comfortable, cool 
home in the mummifi ed remains of the royal 
hairdresser. There is hope yet!.
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Easy

Medium

Diffi cult

CROSS
SECTION

ACROSS 
1. A light-splitting polyhedron (5)
5. Cubes used in board games (4)
6. Number of dimensions that a line has (3) 
8. Prefi x that means ‘fi rst’ (3) 
9. ___ sides of an equilateral triangle are equal (3)
11. A line that stretches infi nitely in one 
direction (3) 
13. Where two surfaces meet (4) 
15. Angle less than 90° (5)

Send us your completed crosswords and give us 
your feedback! Write to 
brainwave@ack-media.com 

by Veena Prasad

DOWN
1. ____bola: the path followed by a ball kicked in the 
air (4)
2. ___  = length of opposite side divided by the 
hypotenuse (3)
3. The ratio of a circle’s circumference to its 
diameter (2) 
4. A ____-anything is half of that thing (4) 
6. An egg-shaped curve (4) 
7. Swiss mathematician after whom the 
mathematical constant ‘e’ is named (5) 
8. A rhombus is a ____gon (4) 
9. The size of a two-dimensional surface (4) 
10. A solid object with a circular base tapering to a 
vertex (4) 
12. Section of a curve (3) 
14. Greater than, abbr. (2)

1 2 3 4

5

6 7

8

9 10

11 12

13 14

15
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Some random facts

Sálim Ali loved motorcycles. 
He once shipped his Sunbeam 
to Europe, when he was 
invited to a conference, and 
rode it around. (He had a 
minor accident, but escaped 
without too many injuries.)

HISTORY
MAKER

Sálim Ali (1896-1987) was 
called the “bird man 
of India”. He travelled 

all over the country (and 
into neighbouring ones) — 
to the lush, moist forests 
of the Western Ghats, the 
arid deserts in Bahawalpur 
(now in Pakistan), the salt 
marshes of Kutch where 
fl amingos nest, and the high 
cold Himalayas of Sikkim 
and Tibet. Armed with his 
trusty binoculars, Sálim 
walked everywhere tirelessly, 
mapping and studying the 
birds in that terrain. 

He wrote wonderfully 
detailed books describing 
the thousands of birds found 
in India — where they were 
found, the sounds they made, 
the things they ate and the 
nests they built. His most 
famous book is probably 
The Book of Indian Birds, 
published in 1941. Millions 
of people remember it as the 
book that introduced them 
to the natural world. This 
includes not one, but two 
of India’s prime ministers 
– Jawaharlal Nehru and his 
daughter Indira Gandhi. 
(In the interest of scientifi c 

accuracy, we must mention 
that Jawaharlal read it fi rst, 
and sent Indira a copy. It must 
be added that they were both 
languishing in British jails at 
the time, and provided Sálim 
Ali with an excellent captive 
readership!)

But it wasn’t only prime 
ministers - Sálim Ali’s books 
were read by everyone. He 
won all kinds of awards, 
including the Padma 
Vibhushan, the highest 
civilian award in India.

Here are two pages from 
Amar Chitra Katha’s new 
comic on Sálim Ali, to be 
released soon.

Artwork: Sundar Moorthy

Twitter 
Addict
by Shalini Srinivasan

Sálim Ali wanted the highly-
endangered great Indian 
bustard to be the national 
bird of India, but the peacock 
was chosen instead. The 
story goes that this happened 
because all the government-y 
types were aghast at the 
resemblance the poor 
bustard’s name bears to a not-
so-polite word.

A rare bat in the Western 
Ghats, Sálim Ali’s Fruit 
Bat, is named after him. A 
subspecies of the rock bush 

quail and a kind of weaver 
bird also share their Latin 
names with him. 
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Cut Paste, extended!
For more bits of random 
information and fascinating 
trivia, log onto to 
www.bwmag.in/category/cut-paste

CUT
PASTE

Triangular Goodness!
How can you use shadows to 
measure mountains? Read more 
about the magic of measuring 
triangles: log onto 
www.bwmag.in/trigonometry

The Hindu Appearance
Watch out for Brainwave’s 
special section, Grey Matter, in 
the Young World edition of The 
Hindu every month!

E = MC Art
To appreciate the beauty of 
mathematics, just take a look 
at the art it inspires. And if 
you want to see that jumble of 
numbers and symbols translated 
to beautiful images, no one does 
it better than MC Escher. You can 
see some of his work here: 
www.mcescher.com

Live from Kepler 22-b
All our outer space expeditions 
have been a search for life on 
other planets. And NASA’s latest 
discovery may be the closest 
we’ve ever come! A planet, 
named Kepler 22-b, has been 
discovered and it is very similar 
to earth. It orbits a star. It has a 
favourable surface temperature. 
It’s very likely that it supports 
vegetation. It’s almost two-and-
a-half times the size of earth. And 
it is six hundred light years away. 
Does it have alien life forms? Can 
it be a second earth that we can 
inhabit? Tell us what you have 
to say. Send us your opinions at 
brainwave@ack-media.com

Hot Tea Month
We would like to, in all 
seriousness, announce that 
January is celebrated as Hot 
Tea Month. In moderation, a 
cup of hot tea can do wonders. 
It contains amazing things 
called antioxidants that fi ght 
off cell damage. It keeps your 
blood vessels clean, your 
immune system strong and 
your metabolism working. And 
it tastes good too. There’s no 
better time than this January to 
make yourself the perfect cup of 
tea. But remember, no iced tea!

Thank you, Houseplants!
Thank you for keeping the air in 
our house fresh and clean. Thank 
you for making our house look 
pretty. Thank you for improving 
our moods and thoughts. Thank 
you for giving us a sense of well-
being. Thank you, houseplants!
January 10th is Houseplant 
Appreciation Day. So, take 
this opportunity to appreciate 
everything your houseplants do 
for you. And if you don’t have 
any, then bring some home this 
tenth of January. You can talk to 
the staff at your local nursery for 
advice on which plant will best 
suit your home.

0, 1, 1, 2, 3, 5...
In 1202, people made a switch 
from elaborate Roman numerals 
to modern arithmetic when 
Italian mathematician Fibonacci 
wrote the Libre Abbaci. He also 
found that things in nature and 
the universe, like plants, insects 
and planetary distances, contain 
the same pattern of numbers 
(called the Fibonacci series). 
Watch this video and see the 
magic of numbers unfold: 
vimeo.com/9953368.

photograph: Chris Brown

Artwork: NASA/Ames/JPL-Caltech
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p04 Mixture: a combination of two or 
more substances that are held together 
physically rather than chemically

Molecule: the smallest particle of a 
substance that retains the chemical 
properties of that substance

p05 Pigment: colouring matter in plant 
and animal cells

Chlorophyll: green substance that gives 
leaves their colour and uses sunlight to 
make food

p07 Circumference: the length of the 
boundary enclosing a circle

p23 Photoreceptors: cells present in 
living organisms that respond to light

Larvae: a stage of growth for some insects, 
in which they are wingless and hatch from 
an egg

p24 Trench: a narrow and deep 
depression on the ocean fl oor

Dorsal spine: the middle portion of the 
spine

NOTES

p25 Trawlers: boats used to catch fi sh 
from the bottom of the sea

Barbel: fl eshy extension of skin usually on 
from the neck or head of a fi sh

p27 Spore: a single cell capable of 
surviving in tough conditions and of 
reproducing individually

p28 Pitted: formed pits on the surface of a 
material by corrosion

p29 Inert: not readily reacting with other 
elements or compounds

Prototype: an original object on the basis 
of which copies and models can be made

Crown: the hard, outside covering of a 
tooth

p35  Marshes: areas of low, wet land, often 
with tall grass

p38 Immune system: the human body’s 
internal defence system that fi ghts off 
infections

Metabolism: the set of chemical reactions 
that occur in living cells

vol02brainwave2crashproof.indd   43vol02brainwave2crashproof.indd   43 12/20/2011   3:44:16 PM12/20/2011   3:44:16 PM



Photograph: Sarah Depper

Shapes Shapes, 
Everywhere!
The whole world can be viewed in terms of geometrical 
shapes. An orange is a sphere, books are rectangular and 
bottles cylindrical. Some may be more complicated, like the 
rhino above!

Now you pick a complicated photograph or picture and try 
to divide it into various geometrical shapes.

Send your entries to 
brainwave@ack-media.com, 
and one of you could win an 
awesome science kit!

Last date for entries is 12th 
February 2012.

Copyright © 2012, Amar Chitra Katha Private Limited. All rights reserved.
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Just over a hundred years ago, an entomologist 
named Wilhelm Kattwinkel was exploring the 
gorges of Tanzania’s Great Rift Valley when, quite 

by accident, he came across the bones of an extinct 
horse in one of them. Since he was hunting for living 
arthropods and not dead mammals (meh!), he went 
back to Germany and forgot all about his fossil fi nd.

Twenty years and a World War later, a British 
archaeologist couple, improbably named Leakey 
(Mary and Louis), went back to Oldupai: the same 
gorge with the horse bones in it. The Leakeys, unlike 
Kattwinkel, loved all things dead and living, so they 
set up shop and began excavating there. They and 
their colleagues eventually discovered the earliest 
fragments of hominid culture in Africa — some, like 
the Olduwan Stone Chopper, dating back almost two 
million years. The Oldupai gorge, since dubbed ‘The 
Cradle of Mankind’, was the fi rst major archaeological 
milestone in the story of human evolution.

We hominins, of course, form just one tiny (and 
supremely destructive) piece of Earth’s complex 
3.8 billion-year-old evolutionary jigsaw. This issue 
of Brainwave locates a few more sections of that 
extraordinary living puzzle — from cockroaches and 
fi nches to leopards and lantanas. I hope it leads you, 
one day soon, to life’s larger picture!

   Scientifi cally,
 Vinayak
 vinayak.varma@ack-media.com

Who are you?

Write to: ‘Brainwave’, c/o Amar Chitra Katha Pvt. Ltd., #254, 2nd Floor, 6th 
Cross, 1st Stage, Indira Nagar, Bangalore - 560038
Email: brainwave@ack-media.com   Phone: (080) 40002800

Brainwave is published by Samir Patil for Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi Mill Compound, Senapati Bapat Marg, 
Lower Parel, Mumbai - 400013

Copyright © 2012, Amar 
Chitra Katha Private 
Limited. All rights 
reserved.
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Bombay Duck Designs

Contributor portraits by 
Upasna Mehndiratta

Printed at: Indigo Press (India) Pvt. Ltd., Plot no. 1, C/716, Opp. Dadoji Konddeo 
Cross Road, Between Sussex and Retiwala Industrial Estates, Byculla East, 
Mumbai - 400027. 
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B/W
LABS 

The Two-Faced Nail by Aparna Kapur

You will need
• Vinegar
• Salt
• A plastic bowl
• Some dull-looking copper 

object (like a coin or key)
• An iron nail

Method
1. Add a little vinegar to the 
plastic bowl and stir some salt 
into it.

2. Put the copper object into 
the bowl and let it rest for 
fi fteen minutes. The level 
of vinegar should be high 
enough to submerge it fully.

4. Now put the iron nail into 
the vinegar/salt solution and 
let it stay submerged for 30 
minutes.

5. Carefully take the nail out 
of the bowl and lay it out on a 
paper towel to dry.

6. The iron nail seems to 
be coated with copper! 
Congratulations, you’ve just 
completed a chemical process 
called plating!

A 
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3. Take the object out of the 
bowl and lay it out to dry. 
You will notice that it looks 
absolutely new and shiny!
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A similar method, called 
electrolysis, is used to 
separate water into hydrogen 
and oxygen. Instead of 
vinegar, this method uses 
electricity to generate a 
negative charge.

How it Works
Copper gets its dullness from 
an outer coating of copper 
oxide, which forms when 
copper reacts with air. 

Trading Charges 
All atoms have an electric charge: positive or negative. When the 
positive and negative charges are equal, the atom is neutral. Getting 
back to our activity, the copper dissolved in the vinegar is positively 
charged. When the iron nail is put in, some positively-charged 
iron also dissolves into it, leaving the nail negatively charged. The 
positive copper and the negative nail react to form a copper-plated 
iron nail!

When a copper object is 
immersed into the vinegar 
and salt solution, some of the 
copper oxide dissolves, and 
with it, some copper as well. 

If an iron nail is put into the 
same solution, the copper in it 
reacts with the iron and coats 
the surface of the nail..
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Negative terminal (cathode) gives 
negative charges to water and frees 
hydrogen.

Hydrogen 
bubbles

Oxygen 
bubbles

Water

Positive terminal (anode) takes 
negative charges from water and 
frees oxygen.
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Deathly 
Magnets

ASK US
WHY

“Why does passing 
an electric current 
through wire coiled on 
a conductor make it act 
like a magnet? I asked 
my teacher, but she said it 
was because it was a law. 
I am not too pleased with 
this answer and thus put 
forward the question to 
you,” says Ishita Gupta.

Coiling wire on just 
about any conductor
won’t make for a 

decent magnet. A magnetic 
material – something that is 
attracted to a magnet – like 
iron, nickel or cobalt, is a 
better choice. The reason: 
substances like iron already 
contain a large number of 
tiny atomic magnets as their 
electrons are arranged in 
a certain way. But these 
tiny magnets are pointed in 
random directions and cancel 
out each other’s magnetism. 
This is why every iron nail 
is not already a magnet. But 
winding a wire around the 
nail and passing an electric 
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current through it creates a 
magnetic fi eld. This fi eld lines 
up the tiny atomic magnets 
and turns the nail into a large 
magnet.

by Srinath Perur

But what exactly is a magnetic 
fi eld? It’s that wobbly feeling 
when you bring the repelling
ends of two magnets, closer. 
That’s two magnetic fi elds 
saying hello. Now, you could 
ask: why does passing an 
electric current through a 
wire create a magnetic fi eld 
around it? This would be 
similar to asking: why does 
gravity hold us down to the 
ground or keep planets in 
orbit? Ultimately, the answer 
is that this is the way our 
world works. Your teacher 
wasn’t all that far off.
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Electricity and magnetism are 
both parts of a phenomenon 
called electromagnetism. 
Much of the world around 
us is held together by 
electromagnetism. It is what 
keeps an atom together. Light 
is also a kind of travelling 
electromagnetic fi eld. Why, 
even the earth is really a giant 
electromagnet. The outer 
core of the earth is made of 
molten iron and has electric 
charges circulating through 
it. This creates a magnetic 
fi eld, which is the reason why 
compasses work. 

“How does a forensic pathologist determine the time 
of death of a person?” asks Parina Muchhala.

Make Your Own Magnet
Take an iron nail and an 
insulated copper wire. Wind 
the wire tightly around the 
nail, taking care to wind it in 
one direction only. You’ll need 
about three feet of wire for a 
three-inch nail. Remove some 
of the plastic coating from 
the ends of the wire. Tape one 
end of the wire to one end of 
a 1.5V battery. Now, when 
you touch the other end of the 
wire to the other end of the 
battery, the nail becomes an 
electromagnet and picks up 
pins and clips. 
PS: The electromagnet can 
get pretty hot to touch, so 
don’t turn it on for more than 
a couple of seconds at a time.
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Obviously, the fi rst thing to 
do is to look for a broken 
wristwatch on the hand of 
the dead person and read 
the time! But since this 
happens far more often in 
movies and mystery books 
than in real life, we have to 
use other methods. I learnt 
about these from a video in 
which a forensic pathologist 
wearing a baby-blue gown 
cheerfully explained some 
fairly grisly procedures. 
(And I won’t even mention 
the pictures!) Skipping the 
gorier details, here’s the short 
answer. There are changes 

that occur in the human 
body after death. For one, the 
temperature starts to drop 
at a fi xed rate, something 
like 1 to 1.5°F (Fahrenheit) 
per hour. Then, the muscles 
of the body grow stiff over a 
few hours and relax again 
in an expected pattern. The 
potassium inside the eyeballs 
also decreases, again at a 
predictable rate. Although 
these factors vary depending 
on the cause of death and 
environmental conditions, 
certain formulas can be used 
to fi gure out the time of death. 
The blue gown is optional..

February 2012 07
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In which we unlock the 
secrets of evolution, 
hobnob with leopards 
and cockroaches and 
traipse with our early 
ancestors

A
rtw

ork
: S

om
esh

 K
u

m
a

r

 Le

08

vol02brainwave3.indd   10vol02brainwave3.indd   10 21-09-2012   14:57:5821-09-2012   14:57:58



KINGDOM
ANIMALIA

Extreme 
Evolution
by Siddharth Rao

It’s a jungle out there. 
Discover the many crafty 
ways in which creatures 
adapt to harsh climates, 
changing habitats and 
life in the wilderness

Across India, leopards 
often come head-to-
head with humans. 

And every so often, we 
hear of people trapping or 
killing these leopards which 
have ‘strayed’ into their 
fi elds. While some of them 
do wander out of forests 

and end up in villages and 
farms unintentionally, many 
others have lived their whole 
lives outside of forests! But 
you might wonder how a 
large animal like a leopard 
manages to live in, say, a 
sugarcane fi eld? The answer 
lies in two fascinating 

concepts in ecology: fi tness 
and adaptation.

Two natural paths to 
survival: fi tness and 
adaptation
First up, fi tness is the ability 
of an organism to survive and 
reproduce in its environment. 
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 Leopards usually lounge on trees. 
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How does this ability come 
about? With adaptation, an 
evolutionary mechanism that 
makes an organism better 
suited to live in its habitat. 
Through this age-old process, 
animals and plants either 
gain certain features or 
lose others, which then get 
passed on from generation 
to generation. Evolutionary 
biologists call these features 
‘adaptations’. To put it simply, 
adaptations are inherited
characteristics or traits that 
increase an animal’s chances 
to survive and reproduce 
– in other words, increase 
its fi tness. The leopard, for 
instance, is able to eat an 
assortment of prey, such as 
rodents, birds, and small 
and large mammals. And so 
it is able to live in a variety 
of habitats, from forests and 
grasslands to sugarcane fi elds 
and plantations.

Three smart ways to adapt
Adaptations, or the traits that enhance fi tness, can be of many 
types: structural, behavioural or physiological.

Type of 
adaptations

What it means Real-time example

Structural Physical features of an 
organism which help 
it live in its particular 
niche or habitat

The horns on the head of 
the gaur, which allow it 
to defend itself against 
predators in the forest, like 
tigers

Behavioural Things organisms do to 
survive    

The tendency of spotted 
deer and chital to move 
in large groups to protect 
themselves from predators

Physiological Internal changes in the 
bodily processes of an 
organism in response 
to an environmental 
stimulus        

The waxy coating on the 
leaves of plants which grow 
in very hot climates. This 
minimises loss of water 
through transpiration (a 
process like sweating)

Two clever stories of 
adaptation
One of the most dramatic 
adaptation stories is that of 
the peppered moth (Biston 
betularia). Before the 
Industrial Revolution came 
to England (that is before 
the 19th century), peppered 
moths were largely light 
grey in colour. The trees at 
that time had light-coloured 
barks with lichen growing on 
them. This provided an ideal 
camoufl age for the light-
coloured peppered moths, 
while the rarer dark-coloured 
moths were frequently 
exposed to predators. Once 
industries started polluting 
the air, thick soot started to 
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settle on the barks of trees, 
and moths which were 
dark in colour were able 
to camoufl age themselves 
better. This led to a sharp 
rise in the numbers of dark-
coloured moths in the years 
that followed! Whereas the 
light grey moths which had 
lost their cover, ended up 
being seized more often by 
predators and their numbers 
dwindled.

From our own forests in the 
Western Ghats comes another 
stellar adaptor – the Draco 
(Draco dussumieri), also 
known as the Southern Flying 
Lizard. It has a number of 
interesting adaptations up its 
sleeve, but its most intriguing 
trait is its ability to glide from 
tree to tree. The Draco has 
a large fl ap of skin between 

its limbs called the patagium 
which it unfurls when it 
wants to glide. (Patagium 
is pronounced puh-tey-jee-
uhm, and is a thin membrane 
which extends from the 
Draco’s ribs to its limbs.) This 
wing-like adaptation lets it 
glide across distances of up to 
100 metres! Male Dracos use 
their special wing to guard 
their turf, while all Dracos 
use it to glide away from 
predators.

Three tough 
competitors: 
lantana, leopards & us
The animals and plants that 
you see all around are well-
suited to their environment, 
and able to adjust rather 
quickly to small changes. 
But what happens when 
a huge change affects a 
natural habitat? Many 
species go extinct or start 
diminishing. This happens 
pretty often when an exotic
and invasive plant species 

(called so because it disrupts 
the habitat) is introduced 
into a forest where it doesn’t 
naturally grow. Like the 
lantana (Lantana camara), a 
native of Central and South 
America, which was brought 
to India by the British and 
grown as a decorative plant. 
But it is now considered one 
of the biggest threats to native 
species in some forests in the 
country. Local plants have 
not been able to adapt rapidly 
enough to compete with the 
lantana, causing many of 
them to die out.

To return to the leopards 
which live with us in human 
landscapes, we will just have 
to hope that these big cats 
continue to cope with our 
ever-changing urban habitats. 
But the larger question is, will 
we humans be able to adapt 
our behaviour suffi ciently so 
that we can share this planet 
with other wildlife?.
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A Draco takes fl ight.
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Mix it Up
Match the types of beaks on 
the birds to the types of food. 
Hint: The beaks on the birds are 
adapted to the type of food that 
they eat.

Bird: Type of food:

1. Hawk eagle

2. Meat2. Sun bird

1. Nectar

3. Parakeet 3. Fruit

4. Sparrow     4. Seeds
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CROSS
SECTION

Easy

Medium

Diffi cult

ACROSS 
1. Propagate (5)
4. _____zoan: earliest known ancestor of all 
animal life (5)
5. The full set of DNA in an organism (6)
6. Nocturnal animals have adapted to ___ in the 
dark. (3)
8. Prefi x: bird (3)
10. The Aye-___: primate found only in 
Madagascar (3)
11. Prefi x: earth (3)
14. He set out on an epic journey on the HMS 
Beagle. (6) 
15. Animal descended from the wolf (5) 
16. Develop or alter a trait to suit the 
environment (5) Send us your completed crosswords at 

brainwave@ack-media.com. Look for solutions to 
‘Square Pegs & Round Holes’ (January 2012) at 
www.bwmag.in/square-pegs-solution. 

by Veena Prasad

DOWN
1. A theory that explains how the universe was 
formed (3,4)
2. “To descend with modifi cation” — in the 
words of 14 Across (6)
3. Tree frogs have evolved suction cups on their 
____. (4)
4. Mendel’s choice of plant (3)
7. Dodos and dinosaurs are _____. (7)
9. Product of crossbreeding (6)
12. An egg (4)
13. Perissodactyls are ____-toed hoofed 
mammals. (3)

1 2 3

4

5

6 7

8 9

10

11 12 13

14

15

16

Chain of Life
D
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MULTI
VERSE

14

MANY MILLIONS OF YEARS AGO, THERE 

CAME INTO EXISTENCE A SMALL BLUE 

PLANET, WHICH WAS JUST RIGHT FOR A 

CERTAIN SORT OF CARBON-BASED LIFE 

FORM TO LIVE ON.

THESE LIFE FORMS, WHO 

CAME TO BE SCIENTIFICALLY 

LABELLED AS “PEOPLE”, 

SPREAD THE IDEA THAT 

LIFE, THE UNIVERSE AND 

EVERYTHING BETWEEN WAS 

CREATED BY AN IMMENSELY 
CREATIVE AND AUGUST BEING. 

DEPENDING ON THE COLOUR 

OF PEOPLE’S SUNGLASSES, 

THIS INTELLIGENT BEING 

APPEARED IN MANY DIFFERENT 

FORMS.

WOOLLY 
BEARDED 

GUY!

THAT SAID, PEOPLE 

MOVED ONTO MORE 

IMPORTANT THINGS 

LIKE MILKING COWS 

AND WEARING WIGS 

AND TAILCOATS.

TOO 
HOT TOO 

COLD

JUST 
RIGHT!

MANY-
ARMED 
LADY?

GIANT FLYING 

SPAGHETTI 
MONSTER!

MEANWHILE, 

CHARLES DARWIN, AN 

AVID COLLECTOR OF 

NATURAL SPECIMENS 

AND DRAWER OF 

SEEMINGLY IMPOSSIBLE 

CONCLUSIONS, RAN 

AWAY FROM MEDICAL 

SCHOOL TO TRAVEL 

AROUND THE WORLD 

IN A SHIP.

HE RETURNED FROM HIS VOYAGE 

WITH SEVERAL BOXES STUFFED 

WITH DEAD FINCHES AND BEETLES. 

IT WAS WHISPERED THAT HE HAD 

COME UP WITH AN EXPLANATION TO 

THE ORIGIN OF LIFE THAT DID NOT 

INVOLVE THE WOOLLY GUY OR THE 
MANY-ARMED LADY.
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LIVING THINGS 

DEVELOPED OVER 

SEVERAL MILLION 

YEARS FROM A 

COMMON ANCESTOR 

THROUGH NATURAL 
SELECTION.

SINGLE-
CELLED

ORGANISM

ANEMONE

SEAWEED

LAND 
PLANTS

FERN

CRAB

CLAM

BEETLE

SPONGE

MONKEY

APE

OTHER 
MAMMALS

BIRD

REPTILEFISHSTARFISH

DARWIN EXPOUNDED THAT OUT OF SEVERAL 

VARIANTS OF A SPECIES, ONLY THE ONE 

BEST SUITED TO THE ENVIRONMENT COULD 

HANG AROUND LONG ENOUGH TO FIND A 

SUITABLE MATE OF THE OPPOSITE SEX AND 

MAKE MORE OF ITSELF. THE OTHER VARIANTS 

GOT OUTNUMBERED AND BECAME OBSOLETE 
LOSERS OR MUSEUM RELICS...

... AND AS THE 

ENVIRONMENT CHANGED 

SLOWLY OVER ZILLIONS 

OF YEARS, NATURAL 

SELECTION CAUSED 

DIFFFERENT SPECIES TO 

EVOLVE FROM ONE TO 

THE OTHER.

THIS DRAMATIC IDEA SPARKED 

OFF A DEBATE THAT GOES ON 

TO THIS DAY BETWEEN THE 

DARWINIANS, WHO 

CAN PROVE THAT 

EVOLUTION IS 

REALLY 

HAPPENING

WITH FOSSILS AS 

EVIDENCE, AND THE 

WOOLLY GUY BELIEVERS 

WHO REFUSE TO PROVE 

ANYTHING BUT YELL 

LOUDLY ANYWAY.

I CAN’T 

HEAR YOU 

AND I’M NOT 

SURE I WANT 

TO.

WILLIAM 
DEMBSKI, 

Anti-Darwinian RICHARD 
DAWKINS,
Darwinian

“evolution has 

been observed. 

It’s just that 

it hasn’t been 

observed while 

it’s happening.”

fin
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I’ve been around for longer 
than you have, and will 
probably outlive all of you. 
But that’s not the most 
impressive thing about me.

Of course, I know all there is to know about how the present 
inhabitants of earth came to be. Nevertheless, it makes for a 
rather droll and amusing pastime to follow the varied theories 
that humans have had about the origin of life. Let me recap:

2. Essentialism
Along came Plato, who 
suggested that every creature 
was a just representation of 
its ideal form. Differences 
between two dogs, according 
to this line of thought, were 
completely ignored because 
they represented the same 
ideal dog!

A few million years ago, you 
looked like this – 

I, on the other hand, looked 
much the same… even 350 
million years ago!

I can survive for weeks without 
a head

Microbes in my gut help me 
digest my omnivorous food. If 
needed, I can live on anything,
including glue or my own family!

I can live on a treetop as well as 
under the ground

To list some of my remarkable 
feats:

I reproduce at very quick 
intervals. If I die of something 
unexpected, I make sure that my 
children can protect themselves 
from whatever kills me.

My
(a c
ou
tem
Ev
an

Over the years, I 
have managed to 
evolve into over 

species

4500 

So
to 
an

So
to 

... a

So
int
co

1. Creationism
So fi rst, everybody thought 
that the universe and life 
were created by a supreme 
being called god. In the 

1700s, philosopher William 
Paley proposed that as the 
universe was so intelligently 
designed, it must have had 
an intelligent designer too. 
Simple and forthright, eh? 
Not quite accurate, though!

Sorry, but 
you are not 
on the list.

Such striking 
similarities!

HERE'S
HOW

by 

One of the oldest residents of 
the planet, the great grand-
daddy of beetles – presenting 
the cocky & completely 
invincible cockroach  

16
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3. Uniformitarianism  
& Actualism
Then Scottish geologist James 
Hutton and British botanist 
Charles Lyell fi gured out that 
the earth had gone through 
many physical changes. And 
that the life on the planet 
looked and behaved the way it 
did, because of these changes.

4. Lamarckism
Next, French naturalist 
Lamarck theorised that 
living things developed 
characteristics that were
useful and got rid of those 
that were not. The useful 
ones were then passed on 
to the next generation. With 
every passing generation, 
each species took on traits 
that were more suited to its 
environment. 

5. Natural Selection
In 1859, Charles Darwin came 
up with the revolutionary idea 
that life adapted to the nature 
around with one, singular aim 
– to survive. The strongest of 
the species reproduced and 
the weakest died. 

6. Gene-centred View
Then British biologist Richard 
Dawkins came up with the 
‘selfi sh gene theory’. He 
said that organisms possess 
competing genes, and develop 
traits based on the genes that 
survive within their bodies..

I, of course, know the 
true story of the origin 
of life. If only someone 
would ask me...

ut 

ly!

as 

e 

my 
ves 

My tough exoskeleton 
(a covering I wear on the 
outside) can withstand high 
temperatures and radiation. 
Every once in a while, I shed it, 
and with it, all the toxins too.

Some of us evolved 
to survive on wood 
and became termites

Some of us learned 
to fl y...

... and swim

Some of us turned 
into brightly-
coloured beetles

That’s my 
research paper, 
you dimwit!
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PIN
UP

An illustration 
from Le Vingtième 
Siècle, an early 
scientifi c romance by 
nineteenth century 
writer Albert Robida. 
The drawing depicts 
the twentieth century 
as imagined by Robida: 
with a rotating house, 
people in strange 
futuristic clothes, and 
a distant airship.
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Landfi lls are both hideous and hideously 
dangerous. When it rains, gross-stinky-toxic 
stuff fl ows out with the rainwater, in foul 
streams of black liquid called leechate. Leechate 
can seep into the ground, contaminating the 
water in nearby wells and lakes.

February 2012 21
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Decomposing organic waste 
– fruits, vegetables, leaves, 
twigs – also creates a nasty 
smell. The sad thing is that 
these things shouldn’t even 
be in the landfi ll, along 
with most of the other 
stuff. Organic waste makes 
excellent food for any cows 
you may know, and can be 
put in a compost pit (or pot) 

Sort through the landfi ll on 
the previous page, and colour 
the waste either Dangerous, 
Recyclable or Organic. If 
you aren’t sure what colour 
something should be, check 
www.bwmag.in..
With many thanks to Poonam 
Bir Kasturi of Daily Dump 
(www.dailydump.org) in 
Bangalore, for all her help 
and for her lovely, stinky 
Trash Trail.

If you want to know more, take a look at these websites:
General garbage trivia: 
www.nswai.com/waste-municipal-solid-waste.php
For recycling old clothes: 
goonj.org
Better still, you can go meet your neighbourhood raddiwala or 
kabadiwala.

at home until it decomposes 
into fi ne, black, non-smelly 
compost that can be used to 
grow more plants.

Among the non-smelly things 
that don’t need to be here 
are clothes (if they’re in good 
condition you can give them 
away or they can be recycled), 
paper (decomposes; can 

also be recycled into more 
paper, preventing trees from 
being cut down to make new 
paper), glass (can be recycled 
entirely), metal (ditto!), 
rubber (recyclable) and 
plastic (can be recycled a few 
times, but not endlessly like 
metal. So using less of it is the 
simplest thing to do).

22
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PULP
SCIENCE

by Sunando C

24
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PLUS
MINUS

Driving with 
Maths
A zippy drive through the world of 
geometry and parallel-parking

by Sasikanth C

We need maths to do a whole lot of 
things. Like calculating breaking 
distances, so car drivers don’t bump 

into each other on the road. Or parking 
quickly and effi ciently. In fact, the next time 
you are late for a movie at the multiplex, you 
can ask your dad (or mum) to use a bit of 
maths to park faster and better. Here’s how:

Let’s say you’re headed to the multiplex on 
a weekend. We can safely assume that the 
parking lot will be full-up, as it usually is 

A 
th
he
m
ju

M
tra
tra
as
a r
is 
us
th

No

T
E
c
t

w width of the car in front

k distance from the front 
wheel to the front of your car

r radius of your car’s curb- 
to- curb turning circle

Br
at 

l your car’s wheel base

Minimum space needed = length of your car + √r2-(r2-l2) + (l+k)2 - (√r2-l2-w)2 - l - k

on weekends. So dad will have to parallel-
park in whatever little space is available. 
He fi nds a tight spot between two cars. But 
can he squeeze the car in or will he have to 
look for another one? Mathematician Simon 
Blackburn has recently worked out a formula 
for the perfect parking job! This formula 
tells us exactly how much extra space we 
will need, beyond the length of the vehicle, 
to park it in a simple, reverse-in, straighten-
the-wheels, switch-the-engine-off move. It 
goes something like this:
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A little mathematical sense coupled with 
the use of rear and side-view mirrors can 
help your dad avoid any collisions as he 
maneuvers into the parking spot smoothly, 
just in time for the movie.  

Maths is also used to study and manage 
traffi c networks and create an effective 
traffi c control system. It helps us read maps 
as well, so we don’t take the wrong turns on 
a road trip. The moral of the story: maths 
is not just for engineers and scientists. It is 
useful to all of us, to better navigate our way 
through everyday life..

Now, this is how to park perfectly:

Try this!
Even if you don’t like maths, I’m sure you like playing video games. Try this free online game: www.
coolmath-games.com/0-parkingmania/index.html. It drives home the connection between maths, cars and 
traffi c. Send us your feedback on this article or any other maths-related issues at bwlab@ack-media.com

Bring your car to a stop alongside car 
at the front of the space.

Reverse into the space with an 
S-motion

Once the car is parallel with the 
curb, pull forward to center your car 
within the space

n 
ula 

-

“    Parking the car is something that 
most of us do on a daily basis - and 
we all get a little frustrated with 

it sometimes. This was the perfect 
opportunity to show how we can 
apply mathematics to understanding 
something that we all share.”-  Simon R Blackburn
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Need a blood test? I, for 
one, hate them – tie 
tourniquet, rip syringe 

packet, poke needle, draw 
blood and wait for the report. 
Luckily for me, this procedure 
might soon become a once-
upon-a-time relic. Instead, 
shining a laser on the crook 
of the arm will let us ‘see’ the 
levels of haemoglobin, sugar, 
or whatever else needs to be 
tested, almost instantly!

Light is a mysterious thing. 
Shine it on your hand in a 
dark room and you can see 
the hand. Shine a laser (also 
a type of light) on your hand 
and voila, you can ‘see’ inside 
it and right under your skin. 
No blood, no cuts and no 
needle. Like a pair of X-ray 
spectacles!

Mysteries of light
Have you watched laser 
displays? Lines of light or 
lasers of different colours 
are used to make interesting 
patterns. While multicoloured 
light particles make up 

The Case of the 
Optical Fingerprint

regular light, lasers have 
identically-coloured light 
particles only. A red laser is 
made of red light particles, 
and a green laser, just green 
ones. That said lasers can 
come in infi nite shades of red, 
green or any other colour.

Now, when a laser is passed 
through any material, be it 
bone, tissue, rock, gas or even 
a liquid, it bounces off the 
molecules in the material, 
and exits a bit differently from 
how it came in. For instance, 
a green laser might exit as 
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Playing Sherlock with 
lasers
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a reddish band of colours 
or ‘spectrum’. This is called 
the Raman Effect, named 
after the Indian scientist CV 
Raman, who proved that 
every spectrum is unique to 
the material it has passed 
through: this is called an 
optical fi ngerprint!

HS

in order to ‘see’ it (such as 
the age of a blood stain) 
in situ, or in its original 
location. Similarly, when 
ocean chemists want to study 
sediments on the ocean fl oor 
in situ, they equip a remotely-
piloted submersible with 
something called a Raman-
based probe. The sub sticks 
out the probe, sucks up water 
and then a laser helps ‘see’ 
the chemicals in it.

Scientists, chemists, art 
conservationists and 
biologists are all fi guring 
out how to use optical 
fi ngerprinting to ‘see’ 
bombs in war zones, fake 
paintings, cancerous tissue, 
minerals in lunar rocks, fake 
medical drugs (through the 
packaging), pollutants in the 
air and even rotting teeth!.
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If you want to delve further 
into this mystery, look up 
these links:
Forensic investigation: 
www.youtube.com/watch?v=Qoy
ZNrIBviY&feature=relmfu
A meeting of science and art: 
www.youtube.com/
watch?v=1UgnmVgWfOg
If you’d like to know more about 
CV Raman, go to:
www.nobelprize.org/nobel_
prizes/physics/laureates/1930/#

Laser detectives
Police routinely compare 
fi ngerprints from a crime 
scene against thousands 
of fi ngerprints stored in a 
database. A match translates 
to a suspect. When a match 
isn’t found, it could belong 
to a fi rst-time criminal. The 
optical fi ngerprinting system 
works in the exact same 
way. An optical fi ngerprint 
is matched against existing 
optical fi ngerprints of various 
materials or chemicals in a 
database. A match identifi es 
the material. When one isn’t 
found, then the spectrum is 
analysed and added to the 
database for future reference.

In the past few years, crime 
scene investigators have been 
using portable equipment to 
shine a laser on the evidence 

Quick Aside: So confi dent 
was Raman that his work on 
the scattering of light would 
fetch him the Nobel Prize for 
Physics in 1930, that he booked 
steamer tickets to Stockholm 
two months before he was 
informed that he had won!
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Olso walked home, thinking about 
his school assignment. “Live in the 
shoes of the person in your family 

who you admire most,” his teacher had said. 
“For two hours, follow them around and do 
exactly as they do.” It was supposed to teach 
them sensitivity, or something like that. He 
considered his options. He could be mum, 
but that would require complimenting her 
friends’ smart children or new cars. He could 
be dad, but he couldn’t drive and that was 
the most exciting part of his dad’s life. That 
left grandpa. He would have to spend the day 
reading the paper, eating fruit and taking a 
nap in front if the television. Sounded boring. 
But nobody said assignments were meant to 
be fun.

And then it hit him. He had forgotten one 
member of his family completely. As he 
entered the gate, his huge, golden-brown 
retriever jumped up on him and he fell 
backwards. Of course, Olso thought! For 
two hours, he would follow Razor and do 
everything he did. He was excited.

That evening, he chased butterfl ies on the 
lawn, jumped around the house looking for 
a cloth bunny and chewed on a squeaky 
rubber bone. He even got to bark at his 
mother’s friends. It wasn’t until he had 
fl opped down on the cold fl oor under the 
sofa, looking fl ushed, that he realised that 

more than four hours had passed. How time 
fl ies when you’re a dog, Olso thought. No 
wonder they have seven years for every one 
of ours!

His mother called him for dinner and even 
gave him a yellow bowl like Razor’s to eat 
in. But when he asked to eat like Razor, she 
refused. 

The next day, Olso decided to follow Razor 
around again. It had been fun, and it never 
hurt to be extra-accurate when it came to 
school work. So when he went home, he 
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ate his lunch and joined his dog, who was 
looking for a sweet spot on his cushion. At 
dinner that night, when his mother told 
him that he smelled like Razor, he smiled 
proudly.

That whole week, Olso would change out 
of his uniform and spend his days trying to 
pin down fl ies, tug at curtains and wait for 
crumbs to fall on the kitchen fl oor. While 
his parents were a little concerned that he 
was not spending enough time studying, 
they were mostly happy. Olso had been a 
shy, sad sort of child, you see. And in the past 

few days, they had only seen him laughing, 
skipping and running outdoors. Razor was 
very pleased to have a little sidekick who 
followed his every move with such awe.

Meanwhile, Olso was having the time of his 
life. At fi rst, he’d had trouble keeping up with
Razor because he couldn’t run on his hands 
and feet. But slowly, he began to observe 
how Razor moved his legs. He copied these 
actions, and felt his arms become more 
fl exible and his muscles gain strength. In 
fact, on some mornings, he felt odd that his 
arms weren’t doing anything as he walked to 
school. He also realised that he had started to 
hear more sounds than he used to. He could 
hear an ambulance from further away, and he 
could even feel the muscles in his ear twitch 
at slight sounds. Olso recognised the barks of 
the neighbourhood dogs and could tell if any 
of them was grumpy. He had also learned to 
tell an angry growl from a scared one. 

Olso’s mother, on the other hand, grew 
concerned as she noticed her son develop 
strange habits with the passing weeks. He 
couldn’t tell the difference between red and 
green. And his teeth had taken on an unusual 
appearance, with two of the front teeth 
sharper and more prominent than before. He 
would run around in the garden and return 
home with his hands and nose covered with 
mud. When his dad got home, he would rush 
to the door and jump up and down to greet
him. As his dad would switch on the 
television, Olso and Razor would go for a 
run, smell things and chase each other. 
When they returned home exhausted, he 
would still be watching TV.

Everyone moves so slowly, Olso thought. 
It’s no wonder that we have seven years for 
every one of theirs! And he went to lie on his 
cushion..
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The starting point of science is a sense 
of wonder, believes Professor Nicole 
Ostrowsky, French physicist and author 

of the Agenda of the Apprentice Scientist. In 
her book, Nicole doles out generous helpings 
of both science and wonderment for all the 
eager (and not-so eager) apprentice-scientists 

by Rajita Gadagkar

In conversation with Professor Nicole 
Ostrowsky, physicist, author and 
relentless experimenter

Curiouser 
and 
Curiouser

out there with 365 hands-on experiments, 
one for each day of the year. The learn-
by-doing activities listed in the Agenda are 
meant for anyone between the ages of 7 and 
107 with a basic sense of curiosity about the 
world at large. Through this book and her 
ongoing work with students and teachers 
around the world, Nicole hopes to spread 
the word that science isn’t about mugging 
up formulas and laws in the classroom, but 
about understanding the mysteries behind 
everyday phenomena. Brainwave chatted 
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with Prof Ostrowsky, who lives in Nice, 
France, about her own adventures with 
science as a child, as an author and as the 
former head of the Laboratory of Physics and 
Condensed Matter at the University of Nice, 
where she is currently a Professor Emeritus.

Brainwave: Tell us a little about your 
childhood and where you grew up?

Nicole: I was born in France in 1943, 
during the Second World War. Both my 
parents had left Latvia to come to France 
in the early 1930s to study and they had 
become scientists in their adopted country. 
Paris was a very grey city after the war, food 
was rationed, schools overcrowded and 
freezing in the winter, but both my sister and 
I felt like the most privileged children on 
earth. Our house was full of friends, music 
and books. And as both our parents were 
working, we were independent at a very 
young age, and fully responsible for doing 
our homework.

B: What were your earliest encounters 
with science?

N: On Thursdays, the no-school day, my 
mother would welcome us into her chemistry 
lab, and I still remember the various scales 
she let us use to weigh corks of all shapes 
and sizes, the white thin paper we would cut 
and fold to line the glass funnels and fi lter 
some decoction. Her job was fascinating: she 
used to collect the roots, leaves and barks 
of trees that had medicinal properties and 
were known to be remedies for illnesses. 
She would then boil them, decant, fi lter and 
distil the decoction, searching for the elusive 
substance that was curing people. The fi nal 
step would be to fi nd it in the shape of an 
as yet unknown crystal whose chemical 
formula could then be determined. So every 
night, when my mother returned from the 
lab, we would rush to her, shouting: “So ... 
did it crystallise?”

B: How is the Agenda of the Apprentice
Scientist different from a science textbook?

N: The Agenda is not curriculum-oriented. 
It can be used at many ages and at many 
levels. It is intended to open pathways of 
thought by taking a walk through science – 
to help people discover that science is a part 
of our daily life, that they can take part in it 
with pleasure, that it can be easy, sometimes 
surprising and funny. The apprentice is 
always at the centre of each activity: s/he has 
to play, draw, cut, construct, write, and most 
importantly, think.

B: Did you come up with all the 
experiments in the book? Was it hard to 
come up with 365 of them?

N: When I was fi rst asked to write the book, 
I did get scared that I would not have enough 
ideas for the 365 days of the year. But as 
I got thinking, I had so many ideas that I 
opened my computer and started writing 
them down at random. Many of the activities 
are simplifi ed versions of experiments I 
have used during my thirty and more years 
of teaching, or from experiments I saw 
in science museums around the world. 
Some ideas came from my children who 
remembered activities we did together 
when they were young – like the ‘nine point 
box’ (September 1st in the book) which is 
one of my favourite activities as it teaches 
the apprentice the importance of thinking 
“outside the box”.

B: Science is about making connections 
between seemingly random events. How 
can we start making these connections for 
ourselves?

N: Keep your eyes open; do not be afraid 
to ask questions, and to wonder about the 
world around you. Where does the rain come 
from? How do airplanes fl y? What burns in 
a candle? What’s the role of friction in your 

P
h

otog
ra

p
h

 b
y A

ld
o S

p
erber

February 2012 33

vol02brainwave3.indd   35vol02brainwave3.indd   35 21-09-2012   14:58:3121-09-2012   14:58:31



everyday life? Why do you blow on your soup 
to make it cold?

B: What are some basic qualities that a 
scientist needs to have?

N: Curiosity, curiosity and the ability to 
recognise what questions interest you the 
most. Those are the ones that will retain 
your attention and make it worthwhile to 
work hard at fi nding answers.

B: What is a typical day in the life of a 
physicist like?

N: You wake up, wash up, have breakfast, 
go to the lab ... but you carry with you the 
questions you are working on, and you 
think about them all the time, consciously 

or unconsciously. Once in the lab, if an 
experiment is set up, it will take precedence 
over any other activities. It is so very hard 
to gather all the equipment and set up 
an experiment that all your energy will 
be focused on obtaining what we call “a 
signal”, i.e. the fi rst faint qualitative result – 
generally a blimp on a curve on a screen – to 
tell you that the experiment is working. This 
magic moment is then followed by weeks of 
hard work to improve “the signal” and make 
the results more quantitative, and offer an 
interpretation. In this phase, the scientist 
resembles an artist and needs to use both 
logical thinking and imagination..

Favourite Chinese Proverb: Tell me and I’ll 
forget, Show me and I may remember, Involve 
me and I’ll understand.
Biggest Scientifi c Inspiration: Claude Cohen 
Tannoudji, thesis guide and Nobel Prize winner 
in Physics, 1997 and Richard Feynman and his 
three fantastic textbooks Lectures in physics I, 
II and III
Career Beginnings: Worked at Ecole Normale 
Supérieure Laboratory in France and Harvard 
University, USA  
General Hobbies: Reading and listening to 
(classical) music, sports (bicycling, swimming,
downhill skiing) and gardening

Agenda of The Apprentice Scientist (Orient 
Black Swan) is available on fl ipkart.com.
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Nicole’s grandson proudly demonstrates the levitating card

The levitating card 
experiment featured 
in the Agenda 
involves fi lling a jar 
with water, placing a 
playing card on top 
of it and turning the 
jar upside-down. 
The card sticks to 
the jar and doesn’t 
fall off. Can you 
fi gure out why this 
happens?  Write to 
us at brainwave@ack-
media.com
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are also white! From where did 
these new species pop up, and 
why do they all lack colour? Using 
a Remotely Operated Vehicle 
(ROV), scientists have stumbled 
onto a world that begins almost 
8000ft below the ocean under 
Antarctica, an area so cavernous 
that no sunlight reaches it. This 
accounts for why all the species 
found here are pale, colourless 
and rather spooky.

a table or tapped your nails on 
glass, this activity will interest 
you. Did you know that when you 
attach a contact microphone to 
anything, it picks up vibrations 
and converts them to audio? 
Watch this fascinating video to 
see all the amazing things you 
can do with this nifty device: 
www.youtube.com/watch?v=erz-
9f4M9B4&feature=youtu.be

e 

– 
to 
s 
f 
e 

CUT
PASTE

Sharks are Sharp
2011 was big for sharks and 
rays. Over 200 new species were 
discovered, which is more than 
the discoveries made in the last 
three years combined! One of 
these is the fantastically sinister-
looking African dwarf sawshark. 
It has a long snout lined with 
sharp teeth that makes it look 
like it’s daring you to duel with its 
rapier-like head. And when it gets 
hungry, it simply swims through 
a school of fi sh, waving its head 
about, and then swims right back 
to chomp on the kill.

Up, Up and Away
Every year since 2000, the world 
has celebrated the International 
Solar Balloon Festival, where 
large and colourful solar balloons 
of a myriad of shapes take fl ight. 
The beauty of solar balloons is in 
their simple working mechanism. 
As they fl y, the air inside gets 
heated by the sun, causing them 
to rise up further.

DIY Sound Garden
If you’ve ever played around with 
the sounds that everyday objects 
make, drummed your fi ngers on 

Ghost World, Ahoy
Researchers have discovered 
an octopus species that looks 
ghost-pale, a white yeti crab and 
a seven-armed sea star and new 
kind of anemone, both of which 

125 Years and Counting
December 22, 2012 will be 
the 125th birthday of Indian 
mathematician Srinivasa 
Ramanujan. December might be 

Photograph by Catman529 at en.wikipedia

Use a contact microphone to listen to the music of everyday objects. 
Screenshots from a video by Bruno Zamborlin
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as there are fewer unnecessary 
external factors interfering with 
the readings of astronomical 
or environmental data. It’s the 
earth’s version of a sterilised lab!

a while away, but it’s never too 
soon to mention Ramanujan’s 
genius and his discoveries. With 
his precious contributions to 
mathematical analysis, functions 
and constants, number theory and 
infi nite series, Ramanujan is up on 
the pedestal with greats like Euler 
and Archimedes.  Read about him 
in upcoming issues of Brainwave.

India Goes Antarctic
Right about now, India is 
setting up a research station 
in Antarctica equipped with 
advanced technology and 
cutting-edge facilities. This will 
be the third station that we have 
established in the South Pole so 
far. Research stations have been 
set up in Antarctica by countries 
all over the world, since as early 
as 1904. The reason: untouched, 
uninhabited Antarctica makes 
for an excellent space to conduct 
scientifi c research of any kind 

Google Science Fair
When Google, National 
Geographic, Scientifi c American, 
LEGO and CERN come together, 
you know it’s bound to get 
interesting. And when they hold 
a science competition, you know 
you’ve got to participate! So if you 
are anywhere between 13 and 
18 years old, just come up with a 
question that has always nagged 
you and think of an experiment 
that could answer it. Create a 
project that presents your idea 
to the judges and you could win 
amazing stuff! 

Troll, the Norwegian research station in Dronning Maud Land, Antarctica
Photograph by Islarsh (Own work)

A NASA scientifi c balloon awaits launch in McMurdo, Antarctica. 
Photograph by NASA Goddard Space Flight Center

If you don’t believe us, head 
to www.google.com/events/
sciencefair/index.html now!
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THE WORLD’S 

WEIRDEST
SPARE PARTS

by Sangeeta Bahuguna

WHALE LIMBS: About 57 
million years ago, when most 
animals were growing arms 
and legs and climbing out 
of the water, whales were 
growing fi ns and walking into 
the water. Whales evolved 
from limbed, land animals. 
But evolution forgot to delete 

CAT TASTE BUDS: Unlike most 
mammals, cats can’t taste 
anything sweet. Then isn’t 
it odd that they possess the 
same sweet detection taste 
buds as other mammals? 
Seems like evolution did only 
half its job – it removed the 
cat’s sweet detection receptor 
gene, but forgot to remove 
its taste buds! Quite the 
bittersweet joke.

OSTRICH WINGS: Evolution 
turned the mighty ostrich 
into a fl ightless bird, but 
as a cruel reminder, left 

WISDOM TEETH: Back when 
we were apes and ate coarse 
stuff, we had wider mouths. 
Gradually, as we switched to 
refi ned, less-chewy food, our 
jaws got smaller, allowing 
less room for our third pair 
of molars – the wisdom teeth. 
But evolution forgot to get rid 
of these, so modern man has 
to enlist the help of dentists to 
yank them out. Wisdom teeth 
play no part in our chewing 
and digestive mechanisms. A 
clear case of all wisdom and 
no bite!

their useless limbs and even 
today, you can see the bones 
of an arm inside the fi n of a 
whale as well as a shrunken 
pelvic bone where the hind 
legs once were. Shake that 
leg, dear whale!Dear Readers,

join me as I raise 
my un-hairy hand 

in a grateful salute to that 
mighty chain of events called 
evolution. Am I glad that 
evolution changed me from 
a hairy ape to the smart, 
microchip-using, ‘tail-less’ 
wonder that I am! But having 
said that, I’ll also have you 
know that evolution is not 
always effi cient. It has left 
behind some hilarious 
blunders in the form of 
vestigial organs – spare parts 
that have hung on, unwanted, 
even after their functions 
have become redundant. 
Take a look at the Top 10 
evolutionary leftovers!

9

8

Presenting the top 
offenders on evolution’s 
Most Unwanted list

10

7

r

behind its functionless wings. 
Fortunately, the smart male 
ostrich has developed a 
secondary use for these – it 
clumsily fl aps its useless 
wings to attract lady ostriches 
during courtship.
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Not Just an Appendage!
There are also some unfortunate organs that have been wrongfully 
accused of being spare parts. Like the much-reviled human 
appendix. Long considered a useless organ, recent medical research 
has found a subtle purpose for the appendix. Apparently, it houses 
good bacteria and repopulates the intestines with them after 
attacks of dysentery and diarrhea.

38

BLIND MOLE RAT EYES:  
The mole rat, which lives 
under the ground in complete 
darkness, has descended 
from surface-dwelling 
rodents. In its current avatar, 
the mole rat has no use for 
eyes, and logically speaking, 
evolution should have shrunk 
and deleted this feature 
completely. But looks like 
evolution found it easier to 

THE TAILBONE: The human 
tailbone is the remnant of a 
tail that our tree-swinging 
ancestors once depended 
on for mobility and balance. 
But now that we navigate 
forests in SUVs and sit on 
chairs for the better part of 
our days, this little stump 
at the end of our spines has 
become a pain. Every year, 
thousands of people develop 
spinal problems that start at 
the tailbone, an unnecessary 
appendage in our sedentary 
lifestyles. What a ‘tail’ of 
woe…

KAUAI STAG BEETLE WINGS:  
This once-fl ying creature 
evolved into a fl ightless 
weevil, but in a confused 
sort of way. It has a perfectly 
decent, well-formed pair 
of beetle wings on its back, 
but they’ve been handcuffed 
under a cover that’s fused on 
top of the wings. Talk about 
baggage!

MAYFLY MOUTHS: The mayfl y, 
as you might know, lives only 
for a few days and only long 
enough to fi nd a mate and 
reproduce. It doesn’t eat a 
thing. So why does it have a 
fully-developed mouth and a 
digestive tract? Its digestive 
system, incidentally, is fi lled 
with air. If only the mayfl y 
could use its mouth to speak, 
I’m sure it would have a thing 
or two to say to evolution 
about this blunder.

GREENLAND SHARK EYES:   
Greenland sharks are born 
with eyes. But they are 
blinded almost immediately 
after by parasitic copepods 
that feed on the skin of their 
eyes. So how do they search 
the waters for food? Well, the 
eye-sucking parasites emit a 
glow that attracts fi sh, which 
the sharks then snap up. But 
where is the sense in such a 
roundabout set-up? Couldn’t 
evolution have found a more 
straightforward way for the 
shark to lure its food? This 
has got to be the weirdest 
evolutionary give-and-take 
scheme!.

5

4

3

2

1

GANNET NOSTRILS: These 
diving birds plunge into 
water from a great height, 
and evolution has done away 
with their external nostrils to 
let them do so. Great design, 
you would say – having water 
rush up the nose during a 
high-speed dive would have 
been rather uncomfortable 
for the gannet. But evolution 
forgot to tweak one, not-
so-tiny detail. Right under 
where the nostrils once were 
is a complete nasal system 
with air passages and tubes! 
Senseless, don’t you think?

6

5

retain the creature’s ancestral 
eyes and then cover them up 
with a layer of skin. A matter 
of perfect tunnel vision!
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p06 Conductor: material that can 
transmit electricity or heat

Electron: a negatively charged particle 
that orbits the nucleus in an atom

Repel: Force away from each other

p07 Forensic pathologist: a specialist 
who examines samples of body tissues to 
provide evidence in a court of law

p09 Ecology: relationships of organisms 
with their environment and with each other

p10 Inherited: received from ancestors

Camoufl age: resemblance of an organism 
to its surroundings to avoid detection

p11 Exotic: not belonging to the native 
ecosystem

p15 Fossil: preserved evidence of ancient 
life

p16 Omnivorous: a diet that consists of 
both plants and animals

p17 Gene: a blueprint for cell construction 
that controls characteristics of organisms 
and is passed on from generation to 
generation

p24 Common descent: the theory that 
all the creatures on earth have come from a 
common ancestor

NOTES

p25 Mutation: changes in the basic inner 
structure of the body

p26 Parallel-park: to park a vehicle, with 
its length along the side of the road 

p28  Tourniquet: a tightly-compressed 
bandage used to stop bleeding

Haemoglobin: iron-containing molecules 
in red blood cells which transports oxygen 
from the lungs

p33 Decoction: extraction of something, 
obtained by boiling it down

Decant: to pour off a liquid gently so as not 
to disturb the sediment

p34 Quantitative: analysis that 
determines the amount of a chemical in a 
sample

Qualitative: analysis that determines the 
identity of a chemical

p37 Pelvic: of the bone structure that 
supports the legs

Molars: broad teeth at the back of the 
mouth that grind food

p38 Weevil: a small herbivorous beetle

Parasite: a living organism that exists by 
stealing the resources produced or collected 
by another living organism
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Hullo hullo, Almighty Reader!

There was a boy in my school who passed gas like 
his life depended on it. Sure, we all farted a few 
times a day, but this guy farted as if he were 

being propelled through the day solely by the power of 
his wind. His farts weren’t always noisy: their silence 
and smelliness were in inverse proportion (he fed his 
belaboured intestinal bacteria a huge daily breakfast 
of rice and boiled eggs). In our geeky cruelty, we 
dubbed him H2S (à la Hydrogen Sulphide).

It was a good thing for H2S that he was super at 
studies and a talented pace boweler... er... bowler, 
which cancelled out the unpopularity of his fl agrant 
(and distinctly non-fragrant) fl atulence. Also, we 
found him hilarious. H2S’s farts were designed to 
break tension and spread laughter in our otherwise 
mirthless classrooms. If there’s an H2S in your class, 
be extra nice to him or her. They aren’t farting around 
intentionally or with malice, you know. Besides, 
without their friendly eruptions, imagine how dull 
school life would be!

I’m told that Albert Einstein (whose birthday it is 
this month!) was also a sucker for gassy humour. He 
laughed the most at someone letting a loud one rip 
through his lecture sessions. In this disgusting new 
Brainwave, we mimic other such historic nerds 
and stick our noses in the expansive business of gas. 
We also sniff out moonlighting starlets, misleading 
mayors, hungry birds and a horrifying, noodly Lurker 
at the Threshold, so tread lightly, fellow farter!

   Scientifi cally,
 Vinayak
 vinayak.varma@ack-media.com

Chaos Rules!

Printed at:
Indigo Press (India) Pvt. Ltd.
Plot no. 1, C/716

Opp. Dadoji Konddeo Cross Road
Between Sussex and Retiwala 
Industrial Estates
Byculla East, Mumbai - 400027. 

March 2012 01

™

Sub Editor
Aparna Kapur
aparna.kapur@ack-media.com

Junior Designer
Anuranjini Singh
anuranjini.singh@ack-media.com

Senior Designer 
Somesh Kumar
somesh.kumar@ack-media.com

Consulting Editor
Rajita Gadagkar 
rajitag@yahoo.com

Copyright © 2012, 
Amar Chitra Katha 
Private Limited. All 
rights reserved.

Cover artwork by 
Bombay Duck Designs

Volume 01 Issue 03.indd   3Volume 01 Issue 03.indd   3 2/20/2012   4:49:49 PM2/20/2012   4:49:49 PM



Business Head
Sasikanth Chemalamudi 

Advertising Sales:
National: Vice-President 
Eric Dsouza 
+91 9820056421

Mumbai: Key Account Manager  
Devyani Bambulkar 
+91 9867176472

Online advertisements 
Rahul Singhania 
+ 91 8767272233

Delhi: Consultant 
Jaswinder Gill 
+ 91 9873417333 

Senior Manager 
Rajmani Patel 
+ 91 9818981230 

Manager 
Saloni Verma 
+ 91 9999699215

Chennai: Consultant 
Shankar Jayaraman 
+ 91 8754443553

advertisingsales@ack-media.com

For Consumer Complaints Contact 
+91-22-6629 6999

customerservice@ack-media.com

Brainwave is published by Samir Patil for 
Amar Chitra Katha Pvt. Ltd.
Forum Building, 3rd Floor, Raghuvanshi 
Mill Compound, Senapati Bapat Marg, 
Lower Parel, Mumbai  400013

Science Editors
Dr Utpal Chattopadhyay
Dr Sukanya Sinha
Dr Shonali Chinniah
Dr Jandeep Banga
Umesh Malhotra
Curiouscity Science Education

Advisory Board
Arvind Gupta
Scientist and Educator
Hari Parameswaran
Scientist and Educator
Dr Chandrakant Shukre
Director, Jawaharlal Nehru Planetarium, 
Bangalore
Maya Menon
Director, The Teacher Foundation
Geetha Narayanan
Director, Srishti School of Art, Design & 
Technology and Mallya Aditi   
International School
Dr AS Manekar
Director, Nehru Science Centre,
Mumbai
Dr Balaji Sampath
Aid India Foundation
Siddharth Rao
Director, Agumbe Rainforest Research 
Station

Contributor portraits by   
Upasna Mehndiratta

Write to: 
‘Brainwave’, 
C/o Amar Chitra Katha Pvt. Ltd., 
#254, 2nd Floor, 6th Cross, 
1st Stage, Indira Nagar, 
Bangalore 560038
brainwave@ack-media.com   
(080) 40002800

Visit us at: 
www.bwmag.in
www.facebook.com/Brainwavemag
www.twitter.com/#!/Brainwavemag

For the solution to the February 
crossword ‘Chain of Life’, log on to 
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I love Tinkle a lot from a young 
age, and from the last six months 
I am reading Brainwave. It’s the 
most informative book I read... 
try to increase the pages with 
affordable price.
Antony Shruti

I am a great fan of Brainwave and 
Tinkle. It is really awesome!
Vaman NS Neurekar

“When things get too heavy, just 
call me helium: the lightest gas 
known to man.”
- Jimi Hendrix
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Jawly Good
A lower jaw replacement 
procedure conducted on 
an 83-year-old woman in 
Netherlands last June, was the 
fi rst jaw implant to be created 
completely by a 3D printer! 
Made by fusing layers of titanium 
powder together with a laser, this 
jaw is 30gm heavier than a regular 
implant. Weight notwithstanding, 
it was a perfect fi t and took several 
hours less to make than traditional 
implants. (Even though it took 
33 layers of titanium coating to 
build just 1mm of the implant.) It 

Mexico in 3D
Recently, a 3D laser map of 
Mexico was generated using 
laser technology. This technology 
helped  scientists get a better idea 
of the geological effects of the 
earthquake which hit Mexico in 
2010. In the map seen above, the 
blue colour shows areas where the 
ground surface has moved down 
and red indicates where it has 
risen up.

Happy March 14!
March 14 is an important day 
in the history of science. It’s the 
birthday of Albert Einstein! But 
the reasons to celebrate this 
day don’t end here. March 14 
(03/14) is the closest date that 
represents everyone’s favourite 
mathematical constant, pi – the 
decimal representation of which is 
3.14. Happy Pi Day, everyone! Eat 
pie and party.

Eating Metaphors
The human brain is endlessly 
fascinating. Consider how it 
responds to metaphors, for 
instance. Recent research 
supported by the National 
Institutes of Health and the 
National Science Foundation in 
USA has found that when we hear 
metaphors, even common ones, 
the associated sensory areas 
of the brain get activated. So 
when someone tells us that they 
have had a “bitter experience”, 
it activates the same part of our 
brain which reacts to bitter food!

Image by UC Davis

Made in March
On March 7, 1876, Alexander 
Graham Bell patented the 
telephone. Within hours of 
this, Elisha Grey, an American 

Unnecessary Panic?
Sixteen scientists around the 
world have gotten together and 
signed a statement alleging that 
global warming is not a cause for 
worry. They say that the claims of 
drastic changes caused by carbon 
dioxide are highly exaggerated 
and that the current climate 
change is natural and consistent 
with patterns in the past. These 
scientists believe that there isn’t 
enough scientifi c evidence to start 
implementing extreme measures. 
Read their controversial views at 
http://online.wsj.com/article/SB100
0142405297020430140457717
1531838421366.html.

also considerably shortened the 
surgery and recovery time. Read 
more about 3D printing at www.
bwmag.in/non-sticky-dosas.
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Photograph by NASA, ESA, and the Hubble Heritage (STScI/AURA)-ESA/Hubble Collaboration

Photograph by PLoS

Starry Night
The photograph above shows the 
M74 galaxy. It is a beautiful spiral 
galaxy, slightly smaller than the 
Milky Way, located 32 million light 
years away. The bright spots in the 
arms of the galaxy are clusters of 
star formations.

World’s Tiniest Chameleon
A. Brookesia micra, the tiniest 
chameleon species yet, was 
discovered on an island off 
Madagascar, on February 14, 
2012.
B. A young B. micra can sit 
comfortably on a fi ngertip, or even 
a match head.
C. Adults of the species, with their 
distinctive orange tails, grow only 
to about half an inch.

engineer, also patented the same 
invention. Later, both Bell and 
Grey fought a legal battle over 
who rightfully owned the patent. 
Bell, of course, won.

Then on March 13, 1877, 
earmuffs were patented by 
Chester Greenwood. He was 
15 when he invented them, 
reportedly while ice skating. He 
invented and patented a number 
of other things, and his hometown, 
Farmington, USA, celebrates 
December 21 as ‘Chester 
Greenwood Day’, every year.

Also, the fi rst rubberband 
was patented on March 17, 
1845, by British inventor and 
businessman Stephen Perry. It 
was made of vulcanised rubber 
and was originally created to hold 
envelopes and sheets of paper 
together.

A

C

B
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HISTORY
MAKER

What does a beautiful movie star have 
to do with Hitler, war communication 
and mobile technology? Read on for 
the full story  

Most of us know Hedy Lamarr (born 
Hedy Kiesler, in Vienna, Austria 
in 1913) as a famous, vintage 

Hollywood star who ruled the box offi ce 
during the 1940s. But she played a far more 
interesting real-life role – that of a brilliant 
inventor. 

Along with other luminaries like Ada 
Lovelace and Marie Curie, Hedy Lamarr 
is probably one of the brainiest female 
inventors of the 20th century. The pioneering 
frequencyG-hopping technology that she fi rst 
invented – now called Spread Spectrum – is 
used in cell phones, Wi-Fi, Bluetooth and 
GPS instruments today! 

So what exactly did Hedy invent? She created 
a sophisticated weapons technology system – 
a radio-controlled, spread spectrumG torpedo-
guidance system, to be precise. World War II 
was well underway at this time, and both the 
Allies and the Axis Powers used torpedoes or 
underwater missiles guided by radio signals, 
to blitz enemy ships. But these torpedoes 
were pretty unreliable, as the radio signals 
guiding them could be detected and jammed 
by enemies, making the missiles useless. 
Enter Hedy’s revolutionary idea – she fi gured 
a system of transmitting roving radio signals 
across not one, but several frequencies. The 
signals would “hop” between 88 frequencies 

at every split second in a seemingly random 
pattern, which was not really random at all, 
but known only to the transmitter and the 
receiver. So the darting radio blips would go 
unnoticed by spying enemies, and the jam-
proof torpedo would hit its target, bang-on. 
To sync the transmitter and the receiver to 
the same frequency-hopping pattern, Hedy 
sought the help of her neighbour and co-
inventor, pianist George Antheil. He came up 
with the idea for a coded paper ribbon, which 
could be placed in both the transmitter and 
the receiver.  

By 1942, George and Hedy had patented their 
‘Secret Communications System’ and given 
it to the US Navy to use for free in the war 
against Hitler. But the military rejected the 
plan calling it “impractical”. A decade later, 
the same technology came to be used by 
the US military for secure communication 
during wartime. But by then, Hedy’s patent 
had expired and George had died.

by Rajita Gadagkar
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ASK US
WHY

Ranjani S from Chennai 
asks, “Why do some 
colours in photographs 
appear different from the 
original colours?”

Ra
ca
ou
tin
on
in

Adventures 
with Light by Srinath Perur

First, some quick 
background. Our eyes 
have many little light 

receptorsG called cones. A 
cone may be sensitive to 
either red, blue or green 
light. (Not those colours 
exactly, but close enough.) 
Our brain combines the 
responses from these three 
types of cones to form all the 
colours that we see. Colour 
photography uses the same 
principle. Film is coated with 
three layers of chemicals, 
each one senstive to red, blue 
or green. When exposed to 
light, this fi lm records the 
levels of these colours in the 
object being photographed. 
Our eyes and brain then use 
this information to form the 
colours as if we are seeing the 
object.

On to your question now. 
The chemicals coated on 
photographic fi lm are not 
always sensitive to light in 
the exact same way as our 
eyes. So, the colours produced 

W
Ex
Bo
toi
wa
in

can be peculiar to the type 
of fi lm used. Besides, prints 
and negativesG fade with 
time, making some colours 
last longer than others. For 
instance, a movie print in 
Eastman Color, popular 
during the sixties and 
seventies, would fi rst have 
its shadows turn red, then 
its skies turn white, and 
ultimately, red would be the 
only visible colour. Today, 
most people use digital 
cameras. These use electronic 
elements to record red, blue 
and green, and we can easily 
change the levels of these 

colours to get bizarre-looking 
photographs.

Now, this may sound strange, 
but nothing really has an 
“original” colour. Colour 
only exists in our experience 
and depends on our eyes 
and brain. A photograph that 
appears brilliantly life-like to 
you and me may look shabby 
to a dog, fi sh or eagle. This 
is because the photograph 
captures the parts of light 
that are of interest to us, 
but not necessarily to the 
animals. Different animals 
may have two, four or fi ve 
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Ranjani also asks, “How 
can we see things on the 
outside through a car’s 
tinted glass, while people 
on the outside cannot see 
inside the car?”

Well, it turns out it’s 
not just cars that 
use one-way glass. 

Experimental artist Monica 
Bonvicini has created public 
toilets made entirely of one-
way glass. The person sitting 
inside can see everything 

g 

e, 

e 

at 
to 
y 

kinds of cones in their 
eyes. While some see 
fewer colours than we do, 
others see more. A bee, for 
instance, can ‘see’ ultraviolet 
components of light, so a 
fl ower looks different to it 
than it does to us.

Even among human beings, 
there’s no guarantee that we 
all experience colour in the 
same way. A friend of mine 
who was studying art caused a 
great deal of excitement with 
his portraits. It was only when 
someone asked him why he 
painted people purple did he 
realise that he was colour 
blind. He shifted to sculpture, 
but the point is, we never 
know if we’re seeing the same 
thing as someone else.

that’s going on outside without 
being seen. But there’s really 
no such thing as genuinely 
one-way glass. What passes 
for one-way glass is actually 
a sheet of glass that’s partially 
mirrored. So, when there is 
more light on the mirrored 
side, the view of the other 
side is hidden by the brighter 
refl ection. 

When the lighting imbalance 
changes, the glass stops 
being one-way. Think of the 
windows of AC compartments 
in trains: you can’t look into 
the compartments from 
outside during the day, but 
the tables are turned at night. 
Hopefully, Bonvicini’s loos 
are open for use only when 
there is more light on the 
outside!.

Try This
Here are a couple of thought 
experiments to wrap your 
heads around:
• Imagine what a black and 

white photograph of a 
rainbow would look like. 
You can check your answer 
by fi nding a picture on 
the internet or by actually 
taking a picture the next 
time you see a rainbow.

• Let’s say you have a friend 
who has since birth, been 
experiencing what you see 
as green to be red, and 
what you see as red to be 
green. Would this create 
trouble at a traffi c signal? 
Would the two of you ever 
be able to fi nd out that you 
see things differently?

A
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ork: A
nuranjini Singh
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In which we 
fearlessly wade into 
the bowels of stinky, 
deathly, noisy and 
electrifying gases
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You will need 
• A glass
• Vinegar
• Baking soda (not baking 

powder)
• A rubber or latex glove*

Ghostly Gloves
1. Pour some vinegar into a glass.

2. Add baking soda into the 
fi ngers of a rubber glove.

What do you observe?
The glove comes alive and starts 
to move around eerily, like it has 
been inhabited by a ghost!.

How does it work?
Baking soda reacts with 
acetic acid (which is present 
in vinegar in large quantities) 
to produce carbon dioxide. 
With no gaps to escape 
through, the pressure of the 
carbon dioxide builds up and 
pushes against the rubber 
glove, making it move around 
spookily!

3. Attach the glove onto the glass, 
making sure that there are no 
gaps. If need be, use a rubberband 
to secure it in place.

4. Lift the fi ngers of the glove a 
little, so that the baking soda falls 
into the glass.

Method

by Aparna Kapur

A
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ork: A
darsh A

chari
TOY
BOX

*You can buy rubber or latex gloves at a medical store.
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LIFE
SCIENCE

Science from the gut 
Most farts are generated from 
swallowed air and pick up other 
components as they travel 
through the bowelsG. They form 
in large bubbles and get released 
through the anus at room 
temperature. These farts make a 
sound, but usually do not stink. 

Sulphuric farts
The more sulphur-rich your 
diet, the more the sulphides 
and mercaptans produced by 
bacteria in your gut and the more 
your farts will stink. These farts 
produce heat and various bad-
smelling gases as byproducts. The 
resulting bubbles are smaller and 
concentrated with stinky gases. 
They are let out as warm farts that 
are too small to produce a good 
sound, but excel in stench.

If you had two jars, one containing 
a fart and one containing a burp, 
how would you tell them apart?
Since they are both colourless 
gases, the obvious difference is in 
the smell... err... stink.

M

If y
a s
wo
pu

Which species farts 
the most? What foods 
raise the biggest stink? 
How many times a day 
do we let one rip? For 
answers to these pressing 
questions, and much 
more, enter our gallery of 
gross gaseous emissions. 

There are bacteria that digest 
food in our intestines that 
microfart to produce gas inside 
our bodies. This gas contains small 

amounts of hydrogen sulphide 
gas and mercaptans (a gas which 
smells like rotten cabbage) that 
cause it to stink.

Fart composition
59% nitrogen, 21% hydrogen, 9% 
carbon dioxide, 7% methane, 4% 
oxygen, less than 1% hydrogen 
sulphide.

by Dr Jandeep Banga / 
Curiouscity and Aparna Kapur

A Study 
in Stink
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Besides that, they differ in 
their chemical compositions. 
While both gases mainly consist 
of nitrogen, farts have more 
hydrogen and methane. This 
makes farts fl ammable, and easy 
to identify. But beware, DO NOT

try to do this EVER! It would 
result in terrible injury, not to 
mention untold embarrassment.

When we eat, we swallow air 
along with our food, especially 
when we are nervous or eat too 
fast. Sometimes, we also swallow 
carbon dioxide — like when we 
drink soda or any fi zzy drink. 
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More Fartsy Trivia:

Cowpeas cause the smelliest farts.

People fart about 14 times a day. 
This amounts to half a litre of gas.

If you could go into space without 
a suit and let one rip, your fart 
would have enough pressure to 
push you forward.

People fart even after death.

Termites are the largest 
producers of farts.

In some cultures, burping after a 
meal is a compliment to the cook.

With the release of carbon dioxide 
and methane, farts contribute 
largely to global warming.

The medical term for burping is 
eructation, and farting is termed 
fl atulence.

All the swallowed air is 
regurgitatedG as wind to relieve 
discomfort in the stomach. But 
instead of going down, the air 
goes up into the oesophagus. 
The one-way valveG between the 
oesophagus and the stomach is 
relaxed, and the air is expelled 
through the mouth as a burp.

Burp composition
Burps are composed mainly of 
nitrogen and oxygen..
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Mouthing Off
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TOP
TEN

FREAKIEST 
FEATS OF
FLATULENCE

Hello Readers!
When we talk about 
powerful gases, we 

only talk of those that turn 
turbine blades, propel space 
shuttles or poison large tracts 
of land. But we totally ignore 
those that originate in the 
alimentary canal. Why? After 
all, these gusts too, have 
unique and far-reaching 
consequences. So this 
month’s column is a tribute 
to those unsung emissions 
and their equally unsung 
emitters. Here’s to fl atulence 
that has rocked the world of 
entertainment and media, the 
deep waters of the oceans, 
the subterranean regions and 
even the earth’s atmosphere! 
Read on – it’s going to knock 
the wind out of your…umm…
sails.

by Sangeeta Bahuguna

ROLAND THE FARTER: 
The ‘Father of Public 
Flatulence’, Roland turned 
the crude act of farting into a 
performance art. Chroniclers 
from 12th century England 
reveal that Roland would 
entertain King Henry II with 
many superhuman feats 
like whistling and whooping 
through his posterior. We 
hope it was just an audio 
performance and not an 
olfactory one!

GEORGE CHAPONDA, JUSTICE 
MINISTER OF MALAWI:  
Till February 2011, most 
people weren’t even aware 
of the existence of the tiny 
African country called 
Malawi. Until last February, 
that is, when Justice Minister 
Chaponda imposed a 
nationwide ban on farting in 
public places, claiming that 
this clampdown on unruly 
bowels would promote 
“public decency”. His 
announcement raised a huge 
stink in the media, and it also 
made Malawi the fi rst nation 
in the world to propose a ban 
on, um, gaseous expression.

BOVINE BURPS:
Apparently, our friendly 
neighbourhood cows, with 
their methane-loaded belches 
are steadily punching holes in 
the ozone layer, doing more 
damage than human activity. 
A herd of 200 cows can 
produce more greenhouse 
gases than a car speeding 
at more than 180,000km/h, 
using more than 21,400 litres 
of petrol. Holy cow!

FARTING HERRING:
In a study conducted in 
2003, scientists discovered 
that herring use farts as 
a way of communicating. 
Their underwater emissions 
work like a clarion callG to 
other groups that may have 
scattered during the day. The 
farts help the herring regroup 
and form tight, protective 
shoals at night. Sailing on a 
good wind, eh? 

THE NAMELESS TURTLE OF 
YARMOUTH: 
This creature, which lives 
in a twelve-foot-deep 
aquarium in the Yarmouth 
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PAUL OLDFIELD, A.K.A MR 
METHANE:
The impertinent Mr Methane, 
who uses his anus like a 
wind instrument, thought 
his unique skill worthy 
enough of being on the TV 
show, Britain’s Got Talent. 
Though he didn’t manage to 
‘breeze’ through the fi nals, Mr 
Methane had the judges and 
the audience in splits with 
his impeccable anal rendition 
of The Blue Danube. What a 
gasser!

THE TERMITE:
If I asked you to guess 
which animal has the 
highest worldwide output of 
fl atulence, your mind would 
undoubtedly conjure up 
images of elephants, camels, 
bison and other gigantic 
animals, right? But you’re 
so off the mark because 
the creature that wins 
this honour is the humble 
termite. Because of their 
diet and digestive processes, 
termites fart a lot and they 
produce as much methane 
as a human industry! Who 
would have imagined this 
little fellow could be quite so 
‘gusty’? .
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JOSEPH PUJOL:
A baker by profession, Pujol 
had the rare gift of being able 
to suck up vast quantities 
of air from his anus and 
then release it in a series 
of musical farts. He would 
entertain his customers by 
imitating musical instruments 
and claiming that he was 
playing them behind the 
counter. Pujol took his talent 
to the stage and by the year 
1892, he was a booming hit 
on Moulin Rouge. Clearly, 
the French thought him an 
excellent farteur!

SNAIL BURPS:
Recent research tells us 
that snail burps contribute 
to global warming. That’s 
because snails release nitrous 
oxide via their burps, a gas 
which is 310 times more 
effective in trapping heat in 
the atmosphere than carbon 
dioxide. Now that’s a slimy 
one, for sure. 

THE YANOMAMI:
You’ve heard of rubbing 
noses, chanting and ululating 
as forms of greeting in 
ancient cultures. But 
nothing can beat how the 
Yanomami, an Indian tribe 
in South America, greet their 
guests. They bend over, part 
their bottoms and let fl y. 
Rather cheeky, what say? 
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Sea Life Centre in England, 
shot to fame on Christmas 
night, 2008. After feasting on 
Brussels sprouts, the turtle 
got such a bad attack of gas 
that he rocked the aquarium 
waters with waves that were 
two feet high and fell on 
the water-level sensors and 
triggered overfl ow alarms 
in the middle of the night! 
Guess he had a real blast that 
Christmas.

MI:
f rubbing 
g and ululating 
eting in

es. But 
at how the 
Indian tribe 
ica, greet their 

A
rtw

ork: V
inayak V

arm
a

little fe
‘gusty’?

March 2012 17

Volume 01 Issue 03.indd   19Volume 01 Issue 03.indd   19 2/20/2012   4:50:33 PM2/20/2012   4:50:33 PM



In the days of yore and 

yesteryear, wars were fought 

in the good ol’ smash-pow-
bang style—by tossing 

exploding grenades, firing 

large noisy cannons, lurking 

in trenches and generally 

shooting the (camouflaged) 

pants off the other side.

during World War I, some snarky 

scientists developed a motley 

bunch of poisonous gases that 

could be thrown at an enemy to 

scare, distract and destroy.

“It is a cowardly form 
of warfare which does not 
commend itself to me or 
other English soldiers. We 
cannot win this war unless 
we kill or incapacitate more 
of our enemies than they 
do of us, and if this can 
only be done by our copying 
the enemy in his choice of 
weapons, we must not refuse 
to do so.”

War gases 

were a dicey 

weapon to 

use. For one, 

they depended 

rather heavily 

on wind 
direction. 

They were effective 

only in high-ish 

concentrations. 

GAR!!!
IT’S HEADED 
BACK OUR 

WAY!

SNEEZING 
GAS? REALLY? 

WHERE?

In cold weather, 

gases like tear gas 

froze and refused 

to work at all.

DRAT! AND 
THAT WAS THE 
ONLY WEAPON 
WE BROUGHT!

They made no 
distinction 
between friend 

and foe.

One had to wait for 

the gas to dissipateG
 

before stepping over 

to the other side and 

vanquishing the foe.
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TEAR GAS
MAKES EYES WATER 
UNCONTROLLABLY.

CHLORINE
IS YELLOWISH- 
GREEN & TURNS 
TO ACID IN THE 
LUNGS.

PHOSGENE
IS COLOURLESS, 
MEAN & KILLS 
YOU 24 HOURS 

AFTER INHALING.

MUSTARD GAS
CAUSES HUGE PAINFUL 

BLISTERS AND MAY 
KILL YOU. LATER.

- LT. COL. N C FERGUSON

by Prabha Mallya

arfc

MULTI
VERSE
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People covered 
their noses and 
mouths to 
protect 
themselves from 
these gases. 

Wet cloth was 

considered a more 

effective filter.

pee-soaked 

cloth even 

more so.

This simple countermeasure 

grew more advanced and 

became an apparatus called 

the gas mask. 

Twenty-one years later, during 

World war II, people were 

suspiciously sniffing about 

for nerve gases—quick-

acting poisons that 

attacked the 

nervous 
system. the nerve gases never 

actually got used 

in that war—but the 

threat of gas warfare 

lingers and military 

men the world over 

continue to be trained in 

the use 

of gas masks, 

just in case.

it was made available 

in all sizes and for 

all species. 
HORSES
WERE USED FOR 
TRANSPORTATION
OF GOODS AND PEOPLE 
DURING THE WAR. THIS 
GAS MASK COULD HOLD 
A NOSE AND A BAG 
FULL OF FOOD TOO.

GAS 
MASKS FOR
BABIES
ENCASED THEIR 
ENTIRE BODIES. 

CHILDREN
GOT MICKEY 
MOUSE GAS 
MASKS TO 
ENCOURAGE 
THEIR USE.

DOGS
CARRIED 
MESSAGES 
ACROSS THE 
BATTLEFIELD
WEARING 
THEIR MASKS.

PIGEONS
CARRIED 
MESSAGES 
TOO, ACROSS 
LONGER 
DISTANCES.

straps glass  eye-windows

air inlet

filter

airtight rubber face cover
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The Gas Giants
Planets in our Solar System appear to have rocky 
surfaces. While some of them do, there are others 
that are made almost entirely of gases! Let’s journey 
to these Gas Giants.

by Aparna Kapur and 
Somesh Kumar

Saturn

Composition

Composition

Hydrogen and 
helium 

Liquid hydrogen

Strong 
magnetic fieldG 

Solid core of 
rock, about the 
size of earth

Hydrogen Helium Water Methane Ammonia

Uranus NeptuneJupiter

Jupiter

Gas Giants Ice Giants

HeH

HeH

H20 CH4 NH3

Composition

H
h

L

S
m

Co
S

Ur
be
me

Jupiter appears to have stripes 
on its surface, which are caused 
by strong winds in its upper 
atmosphere.
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Saturn is the only planet in the 
Solar System that is less dense 
than water and so can float on it. 

Composition

Ammonia
Hydrogen sulphide

Liquid hydrogen
Liquid metallic hydrogen
Rock and ice

Primarily ice 
particles

Ice

Saturn
HeH

Uranus gets its blue colour 
because of large quantities of 
methane. 

Neptune has the greatest 
density among the gas giants.

Trivia:
If a gas giant were to be stripped 
of its hydrogen-helium 
atmosphere, then only its rocky, 
metallic core would remain. The 
core, in turn, would become a 
planet, similar to a terrestrial 
planet. This hypothetical planet is 
called a Chthonian planet.

The first four planets in the Solar 
System – Mercury, Venus, Earth 
and Mars – are made up mainly of 
rocks and metals, and are called 
terrestrial planets. 

Composition
Uranus
Co pos t o

Neptune
Composition

CH4 NH3 H2O

Hydrogen and helium
Water, methane and ammonium ices
Rock and ice

CH4 NH3 H2O

Hydrogen, helium and methane
Liquid hydrogen
Oxygen, nitrogen and liquid hydrogen 
compounds
Rock and ice

t h th

Im
ages: N

A
SA

The four gas giants are also called 
Jovian planets. Jovian means 
Jupiter-like.
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B/W
LABS 

Years ago, when I was 
in college, I went out 
to sea on a sailing ship 

called the Westward. I was 
very seasick and spent most 
of my time throwing up 
overboard. Soon, I wisened 
up and fi gured that I had to 
throw up on the leeward side 
of the ship (where things get 
blown away from you) and 
not on the windward side 
(where everything hits you in 
the face!). 

Despite the nausea, there 
were a few things that got 
stamped in my memory 
during this amazing two-
week adventure:
• SnorkellingG for the fi rst 

time in my life
• Climbing to the top of the 

riggingG of the ship sails 
• Discovering the beauty 

of foraminifera (a marine 
plankton species)

• Shrinking Styrofoam cups

Seaside Experiment
Let me tell you a little bit 
more about my experiments 
with Styrofoam on the ship. 
Basically, we coloured 

Styrofoam cups, and then 
lowered them a couple of 
100ft down into the ocean to 
see what would happen. Lo 
and behold! When they came 
back up, they had turned into 
these delightful miniature 
cups with brighter colours 
than we had painted onto 
them!

How did this happen?
The pressure of 12,000m of 
air above us (at sea level) 
is about 1atm*.  (Remember 
that pressure acts in all 
directions, but weight only 
acts downwards.) As water is 
heavier than air, it creates a 
whole lot more pressure. For 
instance, only 10m of water 
can create the same amount 
of pressure as 12,000m of air! 
Now, Styrofoam happens to 
be a very light material, as 
it is fi lled with air pockets. 
So as the cups were lowered 
into the ocean, the water 
pressure squeezed all the air 
out of the Styrofoam and the 
cups shrank, leaving behind 
only the Styrofoam and the 
colouring, minus all the air 
that was in it.
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The strange ways 
in which Styrofoam 
behaves under pressure

by Dr Shonali Chinniah / 
Curiouscity
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Shrinking 
Styrofoam

*Atmosphere or ‘atm’ is a unit of pressure.22
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Kitchen Experiment
You can try to shrink Styrofoam 
at home using a pressure cooker, 
but only under the supervision of 
an adult. 
• Take a piece of Styrofoam 

and colour it with permanent 
markers.

• Add a little water into the 
cooker. Put the Styrofoam into 
the cooker on a stand, so it 
doesn’t touch the water.

• Pressure-cook on high-fl ame. 
As the water turns into steam, 
it expands and fi lls the cooker, 
creating almost 2atm of 
pressure. 

• Turn off the heat after three 
whistles and then cool the 
cooker by pouring water on it.

• When you cool the cooker 
with water, the steam inside it 
changes back into water and 
the pressure reduces, allowing 
you to open it quickly.

• Check out the pressure-cooked 
Styrofoam. It looks pretty 
amazing!

This activity was performed at 
the Water Works Science Fair 
presented by Hippocampus and 
Curiouscity in Bangalore last 
month. 

FYI: In the cooker, both heat 
and steam pressure acted on 
the Styrofoam, whereas at 
sea, it was only the pressure 
of the water that shrunk 
it. The truth is, I don’t 
remember how deep into the 
ocean I lowered the cups… 
but I will be sure to check the 
next time I go sailing!.
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Photos by Shonali C
hinniah
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A Yellow-breasted Greenfi nch 
perches precariously on the edge 
of a giant sunfl ower to eat its 
seeds.

A Black Bulbul takes a break 
from snacking on a ripe fi g.

Photos by R
adhika G

ovindrajan
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Radhika Govindrajan loves waking up 
to the sound of birdsong fi rst thing in 
the morning, and can spend countless 
hours watching birds dance and glide 
through the air. 

Photos by R
adhika G

ovindrajan

Jungle Babblers squabble over 
grains of rice sprinkled on the 
fl oor by a villager in Kumaon.

A Spotted Dove looks around 
cautiously before starting its mid-
morning meal.
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by Chaitanya K

A mechanical arm that will let you 
reach high places, pluck fruit from 
trees and get up to all kinds of 
mischief

1. A large piece of cardboard. (An old carton will 
also work.)

2. Scissors and cellophane tape
3. Strong string or thin nylon rope
4. A long stick, or a long broomstick (the Harry 

Potter kind), or a thin bamboo pole
5. A one-foot long stick or wooden ruler
6. A rubberband

1. Start by cutting a bit of the cardboard like so:

2. Fold the piece to make the robot claw as shown:

8.6 inches8.6 inches

5 inches

Fingers

5 inches

5 inches
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wn:

5. Loop some string into the claw and tie it like 
this:

6. Now attach longer pieces of string as in 
the picture.

3. Attach the claw to the tip of 
the long stick with tape.

7. Connect each loop to an end of 
the short stick.

8. Open and close the claw by pulling on either end 
of the short stick, which now acts as a control 
lever..4. Attach the short stick close to the other end 

of the pole with a rubberband.

Claw

Tape

Stick

Open

Loop 1

Loop 2

Close
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BACKYARD 
INNOVATION

Enveloped in darkness, the village 
of Tamkuha in Bihar has never had 
electricity, and the villagers’ lives 

are hard and uncomfortable. Until Phulwa, 
a 19-year-old mechanic, learns that a 
neighbouring village produces electricity 
on its own – from rice husk! Fascinated, she 
asks around, studies the process intensely, 
plans and calculates, and fi nally, reaches a 
decision. Her village should get a biomass 
plant too!

Phulwa’s fi rst and biggest challenge is to convince the 
villagers that setting up the plant is not very complicated 
and to assure them that it will work.

After months of hard work and decision-making, 
Tamkuha fi nally has its own electricity-producing 
biomass plant!

T
do
up

Supervised by engineers, the villagers work on building 
the plant themselves.

In which Phulwa the Mechanic 
electrifi es her village with rice husk

Cooking 
up 
Power

30
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These images 
and text were 
fi rst published 
in The Amazing 
Adventures 
of Phulwa the 
Mechanic by 
New Delhi-based 
NGO ‘Going To 
School’ in 2011.

This is all well and good, but how 
does the plant use rice husk to light 
up the village?

g 

Story by
Aditi Anand and 
Jyoti Somani

Photographs and 
Design by
Somesh Kumar

Additional 
Inputs by
Aparna Kapur
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Gorgons and Hydras and Chimaeras, 
dire stories of Celaeno and the 
Harpies, may reproduce themselves 
in the brain of superstition - but they 
were there before.

Adapted from 
‘The Dunwich Horror’
by H.P. Lovecraft

PART 1

Written and illustrated by 
Sunando C.
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Outsiders visit Dunwich as 
seldom as possible. And since 
a certain Season of Horror, all 
signboards pointing to it have 
been taken down. 

March 2012 33
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No one, not even those who have the facts 
of the Dunwich Horror of 1928, can say 
what is the matter with Dunwich: though 
old legends speak of unhallowed rites which 
called forbidden shapes of shadow out of 
Dunwich’s great, rounded hills, and wild 
prayers that were answered by crackings 
and rumblings from the ground below. 

...These blaspemies of an infernal train 
of daemons are matters of too common 

knowledge to be denied. I myself witnessed 
a plain discourse of powers in the hills, 
where there was a rattling, rolling, 

groaning, screeching and hissing such as no 
things of this Earth could raise up!

34
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THE WINTER OF 1931

WILBUR WHATELEY 
IS BORN TO LAVINIA 
WHATELEY. 

None could tell who the child’s 
father was, but whispered 
rumours said that Old Jacob 
Whateley’s daughter, Lavinia, 
had summoned something 
from the Depths, one night at 
Sentinel Hill, as she danced 
while the fi res burned.
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Weeks passed, none had laid eyes on 
the baby, or on any of the Whateleys, 
till one morning when Old Jacob came 
down from the hill.

Although this marked the 
beginning of a course of cattle-
buying, at no time would the 
Whateley barn be overcrowded 
with livestock. 

Some day you folks’ll hear a child 
of Lavinny’s a-calling its father’s 
name on the top o’ Sentinel Hill!

To be continued...

Evidently some blight or distemper caused a heavy mortality 
among their animals. Odd wounds or sores, much like incisions 
seemed to affect the cattle and some said similar sores were 
seen about the throats of the grey, unshaven old man and his 
crinkly-haired daughter.
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SHOE
BOX

Can you read the words 
in the image below? 
There’s ‘mouth’, ‘drop’, 

‘blade’, ‘hair’ and ‘shoe’. 

Pretty easy to read, right? 
Well, that’s because you are 
human and not a bot! Short 
for ‘robot’, bots are pieces 
of code/software, which are 
designed to steal passwords 
and personal information 
and spam computers. 
They are hired out by their 
programmers for a price 
and are sneakily introduced 
into computers without the 
owners’ knowledge. 

When Yahoo! Mail launched 
its email service in 1997, it 
stumbled onto an unexpected 
problem. Some people 
started using bots to register 
for hundreds of free email 
accounts and bulk-mailed or 
spammed other unsuspecting 

email-users. To solve this 
problem, the Yahoo! guys 
needed a simple way to tell a 
human from a bot. 

Yahoo! hired a research team 
which came up with the 
Completely Automated Public 
Turing test to tell Computers 
and Humans Apart, or a
CAPTCHA for short. The puzzle 
at the start of this article is 
a CAPTCHA. CAPTCHAs are a 
clever variation of something 
called the Turing test. British 
computer scientist, Alan 
Turing, came up with a test 
in 1950 where a human 
judge would pose a series of 

by Radha HS

questions to two participants 
(a human and a computer), 
and just by looking at the 
answers, would determine 
which of the two was 
human. The judge could tell 
them apart because while 
computers were good at many 
things, they couldn’t perform 
well in activities like seeing, 
reading, running, climbing 
and understanding.

The original Turing test 
had a human judge, but a 
CAPTCHA is automated and 
has a computer for a judge. 
The idea behind it is simple 
– common words from a 
dictionary when distorted 
and displayed can be read 
by a human, but not a bot. 
Many websites like PayPal, 
Gmail and Yahoo! regularly 
use CAPTCHAs. Paradoxically, 
the test is generated by a 
computer and the answer is 
graded by a computer, but a 
computer cannot pass it!

For more on CAPTCHAs and the 
Turing test, visit the following 
links: www.abelard.org/turpap/
turpap.php, www.captcha.net, 
www.captcha.net/captcha_cacm.pdf

Bots versus Us

Auto-Bot 
Invasion
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One of the most 
common sights on 
crowded Indian 

roads is the auto rickshaw 
zig-zagging its way through 
traffi c. If you’ve ever 
wondered about its unusual 
name, the word ‘rickshaw’ 
has its roots in the Japanese 
word ‘jinrikisha’ – jin-riki-sha 
translates to human-powered 
vehicle. But once this three-
wheeler got motorised, it got 
named auto rickshaw! 

Autos were introduced in 
India more than 50 years ago 
by industrialist, NK Firodia. 
Weighing 600-odd kilograms 
and maxing a speed of about 
60km/hr, autos are handy to 
run and easy to handle and 
fi x. (You may have seen auto 

rickshaws angled onto their 
sides, with drivers attempting 
to repair them, cotton rag and 
spanner in hand.) Designed 
to seat two to three adults 
apart from the driver, autos 
are a stable and safe form of 
transport. But they are often 
overloaded — auto rickshaws 
carrying too many school 
kids along with their bags 
and lunch bags are a cause of 
worry on our roads. 

To resolve emission 
problems, auto rickshaws 
have been modifi ed to run 
on liquid petroleum gas 
(LPG) or compressed natural 
gas (CNG). They are painted 
according to the rules of the 
city they operate in, from 
green and yellow to black 

and blue. Sometimes, they’re 
also plastered with whacky 
graffi ti. Like the autos that are 
part of ‘Rickshaw Challenge’ 
(an outfi t that organises 
sightseeing trips through 
south India in an auto!) 
are painted with fantastic 
designs. Check out some 
of the auto artwork here: 
www.rickshawchallenge.
com/gallery/photo-
gallery/?album=1&gallery=2.

Auto rickshaws are not only 
used India, but also in parts 
of Southeast Asia, Africa, 
Peru and Guatemala. In fact, 
modifi ed cousins of the auto 
rickshaw go by many names 
around the world, including 
scooter, bajaj, auto, moto, 
mototaxi and tuctuc!.

Put-putting in a Tuctuc                
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Easy

Medium

Diffi cult

CROSS
SECTION

ACROSS 
1. Lachrymatory agent used in riot control (4,3)
5. Carbon monoxide is used in the reduction of 

this ore (4)
6. The _____ Gas Law states that PV = nRT. (5)
7. Atmosphere (3)
8. Super cool liquid nitrogen is used in ____genics.

(4)
10. Radon (2)
11. Xenon (2)
12. Hydrogen sulphide smells like rotten ____. (4) 
15. Solid carbon dioxide is also known as ____ ice. 

(3) 
16. Sphere (5)
18. Smoky, unclear air (4)
19. _____ oxide, or laughing gas (7) Send us your completed crosswords and give 

us your feedback! Write to brainwave@ack-
media.com 

by Veena Prasad

DOWN
1. Poisonous (5)
2. Hydrogen chloride turns litmus this colour (3)
3. This gas is a source of silicon (6)
4. A unit of pressure named after Evangelista 

Torricelli (4)
6. Devil’s ___ or Money plant absorbs harmful 

gases. (3)
9. Carbon-based life forms breathe this (6)
13. Gas Assisted Etching, abbr. (3)
14. Hot, glowing gaseous masses in space (5)
15. Friction caused by air or gas (4)
17. ____ometer measures atmospheric pressure. 

(3)

1 2 3 4

5

6

7

8 9 10

11 12 13 14

15

16 17

18

19
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p07 Frequency: the point on the spectrum at 
which radio waves are transmitted

Spectrum: the entire range of electromagnetic 
radiation

p10 Receptors: nerve-endings in the body that 
detect stimuli

Negatives: a photographic image on fi lm in which 
dark and light areas are reversed, and which can be 
used to make prints of the photograph

p14 Bowels: the internal organs of the body, 
especially the intestines

p15 Regurgitate: to eject what has previously 
been swallowed

NOTES

Valve: a partition formed by a membrane that 
allows contents to pass only in one direction

p16 Clarion call: urgent appeal

p18 Dissipate: to break up, scatter and 
disappear

p20 Magnetic fi eld: a space that has two 
magnetic poles and where a magnetic force can be 
detected 

p22 Snorkelling: swimming underwater 
breathing through a hollow tube held in the mouth

Rigging: the system of ropes and chains used to 
support and control a ship
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ADISCLAIMER: 
This magazine does not 
actually report any of 
the events mentioned on 
the cover. WE FOOLED 
YOU! HAHAHAHAHAHA!
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Editor & Art Director
Vinayak Varma
vinayak@bwmag.in

Reader! REEADER! REEAADAAARRRRR!!

In the nine grisly centuries since this magazine has 
been in operation, its scribes and illuminators have 

seen many a delight to shave their eyelids and varnish 
their souls. My intrepid predecessors have, at one time or 
another, stolen the last dragon's last egg, opened a cosmic 
window to the noodly netherworld under Nanjing, betted 
and lost a full year's publishing budget on an MMA match 
between King Kong and Mothra, and played kho-kho 
with the ghost of Coco Chanel (among many other weird 
achievements too smelly and innumerable to list here). 
None of this history, however, prepared our team for the 
frights and astonishments we've faced this past week.

It began when a holy baba-type walked into our offi ce and 
warned us of an impending solar eclipse. We, who had 
read the planetarium's calendar, giggled deliriously and 
chucked the baba out. Five minutes later, the world went 
pitch dark, I stubbed my eleventh toe, our senior designer 
was blinded from staring at the moon-sun, and we 
hurriedly invited the baba back in. Upon further cross-
examination, the baba revealed that the old Yucatáns had 
the wrong deadline, and that the world would end, for 
realz, on April 1st. "But we have a new issue coming out 
on that date!" we protested. "And we've worked so hard on 
it!" "Bad luck!" he said. Five minutes later, our consulting 
editor broke a mirror, our junior designer stepped on a 
black cat, our sub-editor was teleported to Saturn, and 
the baba turned into a black sheep. Me? I'm around, but 
I'm not so sure where. Help!

    Pseudo-scientifi cally,
  Vinayak
  vinayak@bwmag.in

April, full?
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Brainwave gives me a lot of 
knowledge and teaches me 
how to make good science 
projects, which are helpful in 
school. It is the best science 
magazine I have ever read. 
Tinkle and Amar Chitra 
Katha are also amongst my 
favourites. The Brainwave 
online site is very good and 
informative. Hats off  to the 
illustrations of "Second 
Nature" published in Brainwave 
magazine!!!
Vaman Neurekar, via email

As a science magazine, 
Brainwave must contribute to 
the environment. I request you 
to send the magazines in paper 
covers and not plastic.
Srijal Poojari, via facebook

Vo

No part of this magazine may be 
reproduced without the express 
consent of Amar Chitra Katha Private 
Limited (ACK). Any reproduction, 
modifi cation, distribution, 
transmission, republication, display 
or exploitation in any way of the 
content(s), in whole or in part, of this 
magazine is strictly prohibited.

ACK makes no warranties or 
guaranties, express or implied, written 
or oral, as to the contents of the 
magazine, the information, materials 
or opinions, included in this magazine. 
In no event shall ACK be liable for 
damages of any kind arising as a 
consequence of using or following 
any method or formula as mentioned 
in the magazine, including but not 
limited to direct, indirect, incidental, 
punitive and consequential damages.
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CUT
PASTE

Is Pink Panther Pink?
Red, green and blue light, in 
various combinations, can 
result in any number of colours, 
each represented by a diff erent 
wavelengthG of light. But one 
colour whose wavelength 
cannot exist, is pink, or so says a 
recent claim by some scientists. 
If you look at a rainbow, you’ll 
notice that red and violet (the 
two colours that combine to 
form pink) are at opposite ends. 
So these colours can never 

Light on other Planets
Sunlight passing through the 
earth’s atmosphere refl ects 
off  the moon and is seen by 
us as Earthshine. Observing 

Itsy Bitsy Violin
Violin strings are made from 
nylon, steel or gut. But a 
Japanese research team has 
crafted violins strings from 
spider silk. Long strands of 
spider silk are woven into cords 
of varied thickness to make 
each string of the violin. And 
because of a strange property 

Image by Hannahsmetana

Image by Jannes Pockele

meet, as infra red light lies 
beyond red and beyond violet 
is ultraviolet, both of which lie 
out of the visible spectrum. So, 
pink can’t really exist anywhere 
except in our imagination! 
Of course, plenty of other 
scientists disagree, saying that 
all colours lie in the perception 
made by our brains and are all 
equally real. youtube/minutephysics

Seaweed Power 
Seaweed has always been a 
viable option for biofuelG, given 
that it produces ethanolG when 
its cells break down. The only 
drawback has been the lack of 
an eff ective way to break down 
the cells. But now, scientists 
from Bio Architecture Lab in 
Berkeley, USA, have created a 
bacterium that feeds on sea-
weed. With this problem out of 
the way, seaweed could be the 
next big environment-friendly 
energy source.

Image by Secretlondon123

of the silk, its structure is 
modifi ed when woven. This 
gives the strings a wonderful 
new tone and quality when 
the violin is played. Given 
that the thickest string needs 
15,000 strands, though, this 
violin won’t be something most 
people can aff ord. Listen to 
the violin at: http://bcove.me/
n9ttxi42. via NewScientist
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this light can tell us a lot about 
our planet, like cloud cover, 
vegetation and what gases are 
present in the atmosphere. The 
cool thing about this technique 
is that light from other planets 
can similarly be studied to 
get information about foreign 
worlds. via Nature

Image by NASA

Image by Derrick Coetzee

Image by Tim Massey

Image by And0283

Snakes and Glades
As the population of Burmese 
pythons is expanding in the 
Everglades (Florida, USA), 
researchers have noticed a 
curious trend in the population 
of large and medium mammals 
in the area. Not only has the 
mammal population – including 
rabbits, foxes, raccoons 
and deer – been drastically 
reducing, this decrease also 
follows a pattern similar to 
that of the pythons’ increasing 
habitat. via pnas.org

Clicking the King
Photographer William Burrard-
Lucas shot rare, close-up 
photographs of lions in Maasai 
Mara National Reserve in 
Kenya. But how did he take 
beautiful pictures from such 
close quarters without risking 
his life? He had help from the 
BeetleCam. William and his 
brother Matthew built this 
remote-controlled, ground-
level camera, mounted 
on wheels, in 2010, and it 
performed brilliantly until it 
was destroyed by a lioness. 
In 2011, they constructed the 
BeetleCam 2, this time with an 
armour made of aluminium and 

1 Albino Burmese Python
2 Burmese Python
3 Caramel Burmese Python

1

2

3

fi breglass to protect it, and sent 
it forth into the wild.

To read about the adventures 
of the BeetleCam and view the 
BeetleCam galleries, log on to 
http://www.burrard-lucas.com/
beetlecam via burrard-lucas.com
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TOY
BOX

You will need
 Two plastic bottles
 Two straws
 A needle
 Scissors
 Insulation tape

1. Stick two bottle caps back-to-
back, using insulation tape.

2. Use scissors to make two 
holes next to each other in 
the bottle caps. Now, using a 
needle, make small holes on 
one end of each straw.

3. Insert the perforated ends of 
the straws, into the two holes 
you just made in the bottle 
caps. Make sure the straws go 
through to the other end.

4. Attach an empty bottle to 
one side of the cap-and-
straw structure. Fill another 
bottle with coloured water, 
and attach it to the other 
end, such that the empty 
bottle is upside-down.

5. Once all the caps are shut 
tight, invert the structure 
so that the bottle with the 
coloured water is on top.

You will notice that 
bubbles emerge from the 
straws at both ends. Invert 
the structure again after a 
while to keep the experiment 
going. 

Method

Water enters

Air enters

The Bubble Maker

How does it work?
The coloured water in the 
bottle on top starts to travel 
through the straw to the empty 
bottle below it. Air bubbles 
enter the same straw through 
the tiny holes, and these 
bubbles are expelled along 
with the coloured water into 
the bottle below. As the empty 
bottle fi lls up, the air is pushed 
upwards through the straw. 
When this air rushes up, some 
of the water from the bottle 
above enters through the holes 
in the second straw and spouts 
out of the other end like a 
fountain!
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by Arvind Gupta
(www.arvindguptatoys.com) 
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ASK US 
WHY

I hate to break it to you, 
but your teacher seems 
to have gotten it wrong. 

Surface tension refers to the 
tendency of liquids to form a 
kind of ‘skin’ on their surface. 
For instance, take a glass 
of water. A water molecule 
in the middle of the glass is 
pulled from all directions by 
the other water molecules. 
But a molecule at the surface 
is pulled only by molecules 
that are below and beside it. 
So, the surface of water in a 
glass is gently pulled together 
and needs to be broken 
before something can enter 
it. It is this surface tension 
that allows a glass to be 
fi lled a little above its rim. It 

also explains how tiny water 
striders, or bugs, scoot about 
on the surface of ponds. And 
it is surface tension at work 
when a carefully-placed pin 
fl oats on water.

But what surface tension does 
not explain is the amazing 
behaviour of cornfl our mixed 
with water. This mixture 
behaves like a liquid, and so 
it can be poured. But when 
a sharp force is applied, it 
suddenly seems to turn into a 
solid! How does this happen? 
When force is applied, the 
suspended solid particles 
tend to cluster, and this 
region then becomes thick, 
like a solid material. Say you 

G Brahman asks, “Why does a mixture of cornfl our 
and water act as a liquid as well as a hard surface? 
Our teacher said that it is because of surface 
tension, but how?”

Oobleck Break 
Take as much cornfl our or 
custard powder as you can fi nd. 
Add half the volume of water 
and mix with your fi ngers. The 
result is called oobleck. When 
you grab some oobleck, you 
will notice that it forms a ball 
and stays so, as long as you 
move your hands. But once you 
stop, it will drip down like a 
liquid. You can also fi ll a glass 
bowl with oobleck and hit its 
surface with a hammer. If the 
oobleck has turned out fi ne, 
the hammer should bounce 
back, much to everyone’s 
amazement. And if it hasn’t, 
hide until your parents cool 
down.

were to fi ll a swimming pool 
with a mixture of instant 
custard powder (which 
contains cornfl our) and water 
– you would be able to quickly 
walk across its surface! 
This is because the mixture 
behaves like a solid wherever 
your feet hit it with some 
force. But if you were to stand 
in one place, you would sink 
pretty quickly too. And be 
warned, it can take a while to 
get out of the goo. The good 
part is that at least you won’t 
go hungry. 

A
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ork: Anuranjini Singh

Water Surfi ng
by Srinath Perur

08

Brainwave April 2012 Volume 04 edit.indd   10Brainwave April 2012 Volume 04 edit.indd   10 3/20/2012   6:08:38 PM3/20/2012   6:08:38 PM



. 

 

l 

er 
kly 

 
er 

nd 
k 

to 

t 

A
rtw

ork: Anuranjini Singh

COVER
STORY

In which we unmask, 
tar and feather 
a grisly gang of 
quacks, tricksters, 
poachers and cheats

A
rtw

ork: Som
esh Kum

ar

April 2012 09

Brainwave April 2012 Volume 04 edit.indd   11Brainwave April 2012 Volume 04 edit.indd   11 3/20/2012   6:08:41 PM3/20/2012   6:08:41 PM



NUTS
AND DOLTS

Delusional Self-Helpers 
Who've Learned 'The Secret'

According to self-help 
guru Rhonda Byrne, 
the awesome hush-

hush 'Secret' is that you can 
make your wildest dreams 
a reality just by passionately 
believing in them. She 
calls her theory the 'Law of 
Attraction', a mysterious-yet-
convincingly-legal-sounding 
term that has millions of 
lazy optimists around the 
world buying books and 
DVDs and seminar passes 
that impart all the secrets 
behind The Secret. We at BW 
(whose passionate dreams 

by Vinayak Varma

It isn't just the mystical 
orient that's overrun by 
false miracle-men whose 
cheesy party tricks 
separate fools from their 
money and dignity. 
That lucrative market 
is equally shared by con 
artists of the west, who 
feed on assorted nut-
cases such as:

Prayer

Living
of cyborg dinosaurs battling 
giant gundam robots in 
downtown Bangalore are 
still to come true) simply 
call this 'wishful thinking'. 
Because the only person in 
this story who really got what 
she wanted from the Law of 
Attraction – big, big profi ts! –
is opportunistic Ms. Byrne.

Supporters of 'Intelligent 
Design'
Creationists have always 
had an uneasy relationship 
with things like the scientifi c 
method and clear, irrefutable 
proof. They fi nd the idea of 
having been grandfathered 
by a jolly bearded man in 
the sky infi nitely preferable 
to being uncled (however 
distantly) by monkeys. And 
so, in 1989, well into the 
space age and more than 
a century after Charles 
Darwin's On the Origin of 
Species fi rst acquainted 
us with our single-celled 
ancestry, a group of 
American creationists 
strong-armed schools into 
adopting a new textbook 
championing an alternative 
'science'. This taught kids 
how our world was really 
'designed' by the Christian 
God via supernatural means, 
and that Darwinian evolution 
was all hogwash. More 
such books followed, until 
2005, when, after years of 
ridicule from the scientifi c 
community, Intelligent 
Design was legally banned 
from being taught in schools. 
Thank god!
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Opposers of fl uff y thinking 
show the aforementioned culty 
types exactly how absurd their 
ideas are, by parodying them in 
hilarious ways such as:

Pastafarianism, as advocated 
by the Church of the Flying 
Spaghetti Monster: visit www.
venganza.org and be touched 
by His noodly appendage.

Googlism, a new religion 
which logically proves that 
Google, by all accepted 
defi nitions, is a god: www.
thechurchofgoogle.org
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The Churchgoers of 
Scientology: More Deranged 
Self-Help
In the 1950s, the science 
fi ction writer L. Ron Hubbard 
invented a self-help system 
he dubbed ‘Dianetics’, which 
spun off into a religion called 
‘Scientology’. According to 
it, humans are inhabited by 
immortal spirits known as 
‘theta-beings’ (or ‘thetans’), 
and our universe exists only 
as a mutually-agreed-upon 
source of entertainment 
for these creatures. When 
a person dies, their thetan 
fl oats off to a landing pod on 
the planet Venus, from where 
they are 'capsuled' and sent 
back to the California coast 
to be reincarnated inside 
a new human baby – the 

specifi c geography of which 
explains why such a large 
section of scientologists 
seem to be Americans. 
Famous scientologists 
include Tom Cruise, Will 
Smith, Jerry Seinfeld, Beck 
and John Travolta, all of 
whom, no doubt, smugly 
believe that they’re getting 
prime parking spots on the 
thetan mothership Venus. 
Hubbard also taught them 
that gaining too much 
knowledge about this useless 
material world can make 
them lose sight of their inner 
thetans, so learning about 
the physical sciences can be 
bad for their souls – which 
explains why scientologists 
seem so very ignorant of 
earthly matters. 
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by Aparna Kapur HFive ghost-hunting 
gadgets that aren't 
nearly as paranormal as 
they're made out to be 

Busting Ghostbusters

Audio recorder
Records voices and sounds. 
What they claim: Recorded 
sounds that don’t sound human 
must belong to ghosts.
In reality: Sometimes these 
recorders catch ambient noises 
from the background.

Dowsing rods
Supposedly, they twitch when 
held over water or metal in the 
ground.
What they claim: Like water 
and metal, ghosts contain an 
“energy”, and the dowsing rods 
recognise it.
In reality: There is no evidence 
that dowsing works, be it to 
detect water, metal or ghosts.

EMF meter
Detects magnetic fi elds.
What they claim: When 
fl uctuations occur in magnetic 
fi elds, it's a sure sign of a ghost.
In reality: Either the building 
has faulty wiring, or there’s 
interference from television or 
microwave radiation.

Ouija board: 
Needs two or more people to play. Ask a 
question, hold the pointer, and the answer 
will spell itself out.
What they claim: Ghosts guide your hands to 
the answer!
In reality: Your subconscious guided your 
hands to the answer. Or you lied.

Ovilus
It records radiation and converts it to a 
number. Each number represents a word, 
which is heard through the speaker.
What they claim: They heard the ghost speak, 
and it made sense.
In reality: They heard a machine speak a 
random word, and an imaginative mind can 
form connections between anything.
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Alby was scrubbing Skree!!’s room when 
Arby rushed in, his eyes wide as fl ying 
saucers. “Come quick, Alby! Skree!! is 

walking on water!” he said, breathless with 
excitement. The two ran out to see Skreee!! 
bounding around on the surface of their 
swimming pool.

“And look!” said Alby. “She’s even turned the 
water yellow!”

“That’s because it’s not water, you 
dummies,” shouted a voice behind them. 
Alby and Arby jumped up and around to 
discover that Bhoo had just materialised 
behind them. But on this occasion, she 
had chosen to materialise as Bhoot – a 
shimmering, ghostly apparition. “It’s custard 
Skree!!’s walking on,” she elaborated. “If you 
don’t know how that trick’s done, you should 
really read this magazine more carefully. 
But Alby, what is that bird’s nest doing 
around your neck?!”

Alby looked down at a chunky tangle of 
thread, wire and peacock feathers hanging 
at his throat. “It’s a good luck charm for 
tomorrow’s exam,” Alby explained. “I told 
Skree!! that maths was my weak subject and 
she said this would help me pass. In return 
for her kindness, I’m supposed to clean her 
room for a month.”

Bhoot smacked her forehead with her palm. 
Or at least she tried to, forgetting for a 
moment that she was only an apparition, and 
her hand went straight through her head. “I 
thought you Smarties were supposed to be 
smart,” she said, with a sigh. “A good luck 
charm will only relax you so that you can 
do the best with what you know. But if you 

by Srinath Perur

Hocus Pocus!
In which our legendary, shape-shifting detective 
Bhoo takes on the form of Bhoot – archenemy of 
pseudoscience and fearless hoax-buster – to give 
Arby and Alby a crash course in bogus magic, 
fake fakirs and performing scientifi c miracles

as 
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“But if it works, then what’s the harm?” 
asked a puzzled Arby.

“The harm is that someone who has a 
serious illness might get worse. As far as 
science has been able to see, sticking pins 
in people, healing with energy and praying 
to get better have about the same effect as 
giving people a dummy medicine that does 
absolutely nothing.”

Alby looked unconvinced. “Then why do so 
many people believe in these things?”

Bhoot looked quite 
cross as she explained: 
“What can you do? 
People also believe 
that some people can 
predict the future or 
read minds. But, of 
course, no one really 
can! There have been 

many large rewards announced for anyone 
who can show signs of paranormal powers 
in a lab. (See ‘Challenges’ on p16.) Many 

People also 
believe that some 
people can predict 
the future or read 
minds. But, of 
course, no one 
really can!

don’t study, and spend all your time doing 
Skree!!’s work, there’s nothing in the world 
that can make you pass.”

Arby interrupted, “But... but... Skree!! knows 
all kinds of special stuff. I had a terrible cold 
last month and she told me that she would 
heal me with energy, without even touching 
me. I was fi ne in a week! Of course, she did 
make me do her chores for a really long time 
after that...”

Bhoot looked furious. She swished over 
and tackled the prancing Skree!! dead in 
her tracks. Skree!! stopped her custard-
surfi ng and sank slowly with a big glug. 
Bhoot returned, a little calmer, and said to 
Arby, “You would have been fi ne in a week, 
anyway. Skree!! was only taking advantage 
of you. But it’s also true that sometimes, the 
very thought that we are being treated helps 
us get better. (See ‘The Placebo’ on p15.) 
Many types of alternative medicine, even 
popular ones such as reikiG, homeopathy and 
acupunctureG, don’t show any evidence of 
curing people beyond the placebo effect.”
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THE PLACEBO by Vinayak Varma

What is it? 
A 'placebo' is a fake medicine that can have 
a positive effect on you, simply because 
you've been told that it's real. This effect is 
called the ‘placebo effect’ (‘placebo’: Latin 
for “I will be pleasing”), and it happens 
because your central nervous system is 
powerful enough to translate strong feelings 
into actual physiologicalG responses. 

What's it for? 
Placeboes can be used during clinical trials 
of new medicines, so scientists can know 
what percentage of a patient’s response to a 
medicine is due to the placebo effect.

So what's the fl ip side to this? 
Quacks use placeboes to fool gullible people 
into paying – often with their lives – for 
their useless services. Then there is what 
some scientists called the ‘nocebo effect’ 
(‘nocebo’: Latin for “I will be harmful”). If 
a placebo temporarily works for those who 
believe it can do them good, a nocebo can 
have the exact opposite effect on those who 
believe it's harmful for them. The classic 
example is of a person who dies of fright 
after a snake dry bitesG him: no actual 
poison has entered his system, but the 
feeling of having been poisoned sends him 
into shock. 

The bottom line? 
It's all in the mind!

g 

 

 

d: 

n 

n 
 

have tried to win these challenges too, but 
not a single person has succeeded – which 
shows that people who do these things on 
tv or before crowds are really playing a 
trick of some sort. Like Skree!! walking 
on custard… hmph!” (See ‘Make your own 
Miracle’ on p17.)

An agitated Alby ripped off his good luck 
charm and fl ung it aside, looking disgusted. 
“It looks like I’ll have to study, after all,” 
he said. “Someone should warn the world 
about people like these.”

“Oh, people do,” said Bhoot. “They’re 
called rationalists or sceptics and they try 
to educate people so that they will not get 
cheated. They also go around exposing the 
fake fakirs, sadhus and quacks, who make 
false supernatural claims.” (See ‘The Great 
Indian Sceptic’ on p16.)

Arby looked thoughtful. “Tell me, Bhoot,” he 
said slowly. “What about ghosts? You exist, 

don’t you? Can I take you as evidence and 
claim a reward of some sort?”

“Of course I don’t exist!” said Bhoot, looking 
horrifi ed. “The good people at Brainwave 
just made me up. Just as someone makes up 
all the other magical stuff that’s out there,” 
Bhoot said, as she dematerialised into thin 
air. 
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THE GREAT INDIAN SCEPTIC by Srinath Perur

CHALLENGES by Aparna Kapur

Of all the rationalists 
and sceptics in India, 
Basava Premanand 

(Feb 17, 1930 to Oct 4, 2009) 
is the most prominent. As a 
young man, he left his home 
in Kerala and travelled up 
north. There he lived with 
many gurus and yogis, who 
claimed to perform miracles. 
But Premanand soon 
discovered that all they were 
doing was performing magic 
tricks. Over time, he made it 
his life’s mission to expose 
such fraudulent sadhus who 
claimed they could make 
miracles happen. He travelled 
to villages all over India 
and replicated the supposed 
miracles to show people how 
they were being fooled.

One such famous case was 
that of a Sri Lankan godman 
who was visiting Kerala. He 
would break coconuts on his 
forehead and claim that he 
could do so because of special 

powers. Premanand found 
out that the man was simply 
using a supply of very tender 
coconuts, that could even be 
crushed with bare palms. He 
went on to secretly replace 
these special coconuts with 
hard ones and predictably, 
the godman’s powers failed 
him in public (and gave him a 
nasty headache!).

Premanand also ran a 
magazine called Indian 
Skeptic that investigated any 
paranormal activity reported 
in the country. Today, there 
are other rationalists and 
sceptics who carry on his 
work, including Narendra 
Nayak, Prabir Ghosh and 
Sanal Edamaruku. 

Abraham Kovoor
In 1963, rationalist Abraham 
Kovoor announced that 
he would pay 1,00,000 Sri 
Lankan rupees to anyone 
who could demonstrate 
supernatural powers 
under foolproof conditions. 
Kovoor died in 1978, and 
the challenge lapsed with 
him. Basava Premanand 
resurrected this challenge 
soon after, and died without  
anyone claiming the bounty. 
Two lifetimes, and not a 
single person could prove 
the existence of psychic 
powers.

James Randi
James Randi spent most of 
his life as a stage magician. 
But after he retired, he got 
interested in the paranormal 
claims that people made. He 
started a challenge, similar to 
Kovoor’s, in 1964. The prize 
amount is now $1,000,000 and 
still unclaimed. Randi also 
presents the Pigasus award 
every April for examples of 
the strangest paranormal 
claims in the past year.

Science and Rationalists’ 
Association of India
Anyone who can prove 
their claims of possessing 
supernatural powers, in 

a location chosen by 
Prabir Ghosh, head of the 
Science and Rationalists’ 
Association of India, will 
be paid 20 lakh rupees. Go 
ahead, psychics. The offer 
is still valid. But you knew 
that already!

Several challenges like 
these remain intact, with 
no winners yet. Er, maybe 
psychics are just not very 
greedy.

To see a longer list of 
awards and challenges 
that a psychic can claim, 
log on to www.bwmag.in/
challenges-to-psychics
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The coolest miracle of all is levitation 
– in which a body fl oats in the air 
without being supported. Here are 
two ways to make it look like you’re 
levitating, without needing any 
superpowers, of course!

Levitating while you’re in the 
sitting position needs some 
special equipment. So it may 
not be practical unless you 
desperately want someone to 
believe you have miraculous 
powers!

Trick 1

Trick 2
Levitating while lying down is 
much simpler. All you need are 
two sticks and a big bed sheet.

1. So there you are in your 
robes, sitting in the air with 
just an armrest.

1. To all lay eyes, you are lying 
on the fl oor covered by a 
large sheet.

3. The secret to this ‘magic’ is the two sticks you have with you! 
Just remember to keep looking up.

2. And then you start to fl oat up 
into the air!

2. But you’ve been sitting on a 
special chair all along!

Make your 
Own Miracle
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by Srinath Perur
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DO IT
YOURSELF

The Pocket-Size

Finger Chopper 
(& Reattacher)

by Chaitanya Krishnan

Caution:
Minor injuries from paper cuts can lead to 
severe bleeding and death! Attempt this DIY at 
your own risk.

You will need:
Thick chart paper, scissors, glue/sticking tape, a 
red marker/paint and a victim of your choice

Instructions:
Step 01 Cut two pieces of chart paper, A and B, as 
follows:

Step 02 Fold both A and B like this:

Step 03 Glue the fl aps.

Step 04 Carefully stick the strips to A, as shown:

Step 05 Then fold them, like so:

Step 06 Attach A to B like this:

Cut three strips of chart paper, 11 inches long 
and a little less than an inch wide.

7 inches

3 inches 3 inches 1 inch

7 inches

Glue

Stick inside

Fold over

Fold over

Insert underGlue undeneath

Insert underGlue undeneath

Fold under

5 inchesA B

Stick outside

Stick inside

A

A

A

A

B

B

OverGlue inside

A B
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Step 07 Insert your fi nger under the strip on B, 
and then fold A over to the other side.

Step 08 Use a red marker to draw blood splat-
ter marks on B, but only on the two strips.

Step 09 Ask your unsuspecting victim to put 
a fi nger under the strip on B. Then fold A over, 
and shock him with the fi nger bloodbath!

When you fold A back to its earlier position, the 
blood will magically be hidden!

AB

A

A

B

B

A B

Physics-defying Paper
Caution:
This DIY tampers with the laws of physics. 
Proceed with extreme caution. Try not to 
destroy the universe!

You will need:
Two sheets of A4-size paper, a pair of scissors 
and an opponent you wish to outwit

Instructions:
Step 01 Challenge your adversary to use his 
knowledge of geometry to create a hole in a 
sheet of paper, large enough for you to stick 
your head and arms through.

Step 02 After his ridiculous failure, take the 
second sheet of paper and fold it in half.

Step 03 Use the 
scissors to cut the 
paper as shown 
below.

Step 05 Pull at the 
sides of the sheet to 
expand it, and watch 
your adversary’s 
jaw drop in shock at 
the size of the hole 
you’ve created! 

Now, you can easily stick your head and arms 
through it, and win the challenge! 

Step 04 Open the 
sheet and carefully cut 
as indicated by the red 
line here.
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recently as fi fty years ago, 
there were eight subspecies 
of tigers across the world, of 
which three are now extinct 
and the other fi ve, highly 
endangered. Though tigers sit 
on top of the food chain, they 

stand precariously on the 
edge of extinction because of 
indiscriminate poaching.

Tigers are hunted for 
virtually every body part: 
whiskers, skin, bones, teeth, 
eyeballs, penis and claws! 
In fact, traditional Chinese 
medicine uses every single 
part of the tiger to cure one 
ailment or another. For 
instance, wine made from 
the crushed bones of tigers 
is sold as a health tonic and 
as treatment for arthritisG. 
Whiskers are believed to have 
supernatural powers and 
protect the possessor, while 

Trapped 
in the Wild

KINGDOM
ANIMALIA

by Nithila Baskaran

Dusk was falling fast, 
and a group of us were 
driving through the edges of 
Mudumalai Tiger Reserve in 
Tamil Nadu, when we heard 
a gunshot. We turned and 
sped in the direction of the 
noise, looked around in the 
scrub, but saw nothing. At the 
next forest post, we registered 
a complaint and stuck 
around till they sent messages 
on walkie-talkies to guards in 
the area.

Every year, thousands 
of wild animals are 
hunted or trapped 

illegally inside and outside 
protected forest areas. These 
animals most often end 
up as ornaments, fashion 
accessories, clothes, hunters’ 
trophies, bush meat or in the 
hands of collectors of exotic 
species. So much so, that 
the illicit trade of wildlife 
parts is now a fl ourishing 
global industry, which does 
business to the tune of $8-10 
billion (`40000-50000 crore) 
a year. Shockingly, it is only 
exceeded by drug trade 
and arms-smuggling! Not 
only does it fund terrorism, 
criminal gangs and militias 

with its profi ts, it also pushes 
several species to the brink 
of extinction. It’s also a 
worldwide nexus – illegal 
wildlife trade involves a 
complex set of actors who 
range from small-time 
hunters, middlemen and 
rich and powerful traders 
to organised criminal 
groups and consumers. 
What drives this murky 
trade? Superstitions and 
pseudoscience contribute 
hugely to the massacre of 
wildlife around the world. 
Read on to discover how.

What do tiger amulets and 
owl feathers have to do 
with extinction?

The most direct and 
devastating impact of 
poachingG is extinction. 
Several species like the 
Tasmanian tiger, the Great 
Auk, Passenger Pigeon 
and the Caspian tiger have 
been tragically hunted to 
extinction.

At present, the most widely 
traffi ckedG wildlife in India 
includes the tiger and the 
one-horned rhinoceros. As 

... the illicit trade of 
wildlife parts is now a 
fl ourishing global industry, 
which does business to the 
tune of $8-10 billion 
(   40000-50000 crore) a 
year.
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claws are believed to bring 
good luck to those who wear 
them. A recent documentary 
also throws light on how 
rich Tibetans have fuelled 
tiger and leopard-poaching, 
thanks to a craze for clothes 
made from the skins of these 
animals. This revelation led 
the Dalai Lama to issue a 
statement asking Tibetans 
not to buy the skins of tigers, 
leopards and snow leopards.

Another animal that has 
been a victim of human 
superstitions is the rhino. 
The rhino horn, which is 
made up of keratin – the 
same substance that makes 
up our hair, fi ngernails 
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and toenails – is used 
in traditional Chinese 
medicine to treat fevers and 
convulsionsG. Predictably, 
the major demand for rhino 
horns comes from China and 
Vietnam, where they are used 
in medicinal applications, and 
West Asia, where they are 
converted into ceremonial 
dagger handles. Although 
research has proved that the 
rhino’s horn has no medicinal 
effect whatsoever, the killing 
spree continues.

Owl trade is yet another sad 
casualty of pseudoscience. A 
recent report by traffi c India 
reveals how tantriks use 
the feathers, beaks, skulls, 
blood and hearts of owls in 
pujas, driven by a belief in 
black magic. Owls are also 
sacrifi ced on auspicious 
occasions. The study also 
states that of the 30 owl 
species in India, as many as 
15 are part of the bird trade.

What does pet trade have to 
do with ecological damage?

The pet industry also 
contributes signifi cantly to 
wildlife traffi cking. While 
some animals are bred in 
captivity, many are captured 
from the wild and sold as 
pets. In addition to being 
pulled out of their natural 
habitat, these animals 
are often ill-treated and 
transported in appalling 
conditions. By some 
estimates, 70% of these 
animals die in the process.

Exotic pets can also 
turn invasiveG and cause 
serious ecological damage. 
Superstitious beliefs that an 
animal can bring good luck 
and prosperity have also 
boosted the demand for exotic 
animals. Turtles and tortoises 
are believed to bring good 
luck and longevity in China. 
Endangered species such 
as the star tortoise are often 
captured to feed this false 
notion. The Arowana fi sh, 
found wild in South America, 
Asia and Africa, is traded 
widely because of feng shui 
beliefs. Indian laws protect 
Indian species, but offer very 
little protection to species 
that might have been illegally 
captured and smuggled into 
the country.

What you can do

1. The next time you are at 
the pet store, think hard 
about the pet you want to 
buy.

2. Ask yourself if the animal 
might have been a victim 
in a chain of illegitimate 
animal trade.

3. Discourage your friends 
from buying exotic pets 
or wearing clothes/
accessories that might 
have contributed to wildlife 
trade.

4. Do report any suspected 
sale of wildlife products, to 
local authorities.

5. Remember, as the very apt 
slogan of WildAid goes, 
“when the buying stops, the 
killing can too”.  

If you’d like to know more about poaching, look up: http://en.wikipedia.org/wiki/
CITES; www.worldwildlife.org/what/globalmarkets/wildlifetrade/faqs-tiger.html; 
www.traffi  c.org/home/2010/11/2/black-magic-behind-illegal-owl-trade-in-india.
html; www.wildaid.org/
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TOP
TEN

by Sangeeta Bahuguna

Hello Readers,
since April kicks off 
with a prank day, this 

month’s column features 
the best of scientifi c hoaxes: 
fake inventions, discoveries, 
fi ndings and sightings 
that sounded convincing, 
withstood counter-evidence, 
made it to the headlines and 
managed to stump the best 
and the brightest minds. 
Some hoaxers did it for 
money, others for fame. And 
some, believe it or not, did it 
to get on tv! Read on.

10
Disappearing Blonde Gene: 
Alarmist predictions are 
common, but nothing can 
beat the 2002 scare that 
“blondes will disappear 
within 200 years, because the 
recessive geneG that causes 
blondness is dying out”. 
Claiming to be a World Health 

09
Roswell UFO Incident:
In July 1947, in Roswell, 
New Mexico, local residents 
reported fi nding the debris 
of a crashed alien spacecraft. 
Strangely, the us Army seized 
the debris, went very quiet 
about it and did nothing to 
dispel the belief that it was 
indeed a ufo. Thirty years 
later, it turned out that the 
us Army used the ufo theory 
as a cover-up – in reality, 
the crashed ‘spaceship’ was 
an illegal spying device that 
they’d built to keep tabs on 
Russia! Blame it on the aliens!

08
Mechanical Turk:
In 1770, Hungarian inventor 
Wolfgang von Kempelen 
claimed to have ‘invented’ 
a chess-playing machine 
that could beat any human 
opponent. Named The Turk, 
the automaton really turned 
out to be a human chess wiz 

07
Sokal Scam:
In 1996, American physicist 
Alan Sokal submitted a paper 
to a respectable science 
journal called Social Text. He 
waited till it was published 
and then cracked up and 
confessed that the paper 
was loaded with nonsensical 
jargon and made-up theories 
on quantum gravity. What 
‘nonscience’!

Organisation (who) study, the 
blonde-gene scare turned out 
to be a rumour that duped 
scientists the world over. 
Hair-raising!

cramped inside an elaborate 
robot costume! Checkmate!

06
Alien Autopsy:
In the 1990s, English 
cameraman Ray Santilli 
claimed to own footage of 
an alien autopsyG performed 
after the Roswell ufo Incident 
in 1947. In fact, Fox channel 
even aired a portion of it. 
Later, Santilli fessed up to 
the hoax, saying that all the 
alien innards in the fi lm 
were actually sheep brains, 
raspberry jam and chicken 
entrails. Some guts!

05
Perpetual Motion Machine: 
Bulbs that never fuse, clocks 
that never stop, batteries 
that never run out – all these 
are the staples of inventors’ 
fantasies. And in 1813, an 
American man called Charles 
Redheffer unveiled one such 
dream invention – a machine 
that kept itself in perpetual 
motion. He was exposed 
when some curious sceptics 
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04
Tasaday Tribe Aff air:
In 1971, Philippine minister 
Manuel Elizalde’s discovery 
of the Tasaday, a Stone Age 
tribe that spoke a primitive 
dialect, lived in caves and 
used stone tools, made tv 
headlines and the cover of the 
National Geographic. Fifteen 
years later, two journalists 
uncovered the truth that the 
Tasaday folk actually lived 
in houses, wore jeans and 

02
Bromley UFOs:
On September 4, 1967, ufo 
panic gripped the United 
Kingdom in what is now 
called “the most effective 
and elaborate fl ying saucer 
hoax ever perpetrated in the 
world”. Six fl ying saucers 
landed in Bromley, driving 
the public, the police and the 
science community crazy. 
Behind this hoax were two 
21-year-old engineering 
students, Christopher Southall 
and Roger Palmer, who 
were only trying to assess 
how prepared the British 
government was for an alien 
attack. So far out!

01
Balloon Boy:
On October 15, 2009, Richard 
and Mayumi, the inconsolable 
parents of six year-old boy, 
Falcon, claimed that their 
son had accidentally fl oated 
away in a large helium 
balloon. Colorado’s news 
and administrative services 
swung into action, trying to 
track the balloon and save 
the boy. An hour and 50 miles 
later, the balloon descended, 
with no boy in it. But by then, 
Richard and Mayumi had 
achieved their mission – they 
desperately wanted to be on 
tv, so they locked their boy in 
the attic, released a helium 
balloon and took the gullible 
news networks for a royal 
ride! 

03
Herbal Fuel:
This elaborate scheme, 
which achieved international 
infamy, was hatched in 
India. In the August of 1996, 
Chennai-based Ramar Pillai 
claimed he could convert 
water into fuel by boiling 
certain ‘secret’ herbs in it. His 
tall claims and demos turned 
out to be a combination of 
sleight of hand and trick 
equipment, like hollow 
stirrers that secretly released 

removed a few wooden 
strips from the machine and 
peeped in to discover an old 
man crouched in a secret 
cavity, turning a crank with 
one hand and eating a loaf 
of bread with the other. Now 
this was one machine with a 
human heart! 

spoke normally. A bunch of 
normal people were paid by 
Elizalde to put up a Stone Age 
act, while he fl ed the country 
with millions of dollars from 
a foundation set up to protect 
the Tasaday. What a primitive 
hoax!

kerosene into the water. A 
case of sneaky combustion!
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On Halloween that year, young Silas 
Bishop saw Lavinia Whateley and a 
much grown Wilbur Whateley run up 
the side of Sentinel Hill to the Old 
Stones, where a great fire had started 
burning at midnight. 

Adapted by Sunando C  f rom 
HP Lovecract ' s  The Dunwich Horror 

Part 2

The birth 
of Wilbur 
Whateley!

THE MYSTERY OF 
THE DEAD CATTLE!

Strange fires 
at Sentinel 

Hill!

Ancient 
creatureS 
AWAKEN!

SPECULATIVE
FICTION
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As Silas watched mother and 
son dance around the blazing 
fire, Wilbur, noticing the boy 
hiding behind the trees, looked 
right at him.

“THAT WAS NO 
HUMAN BOY 
I SAW THERE 
THAT NIGHT”

Silas would swear for 
the rest of 
his life.
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Wilbur started to talk at the age 
of eleven months. Since his birth, 
he was always seen clothed from 
head to foot and all buttoned-up.  
Though he was not talkative, his 
words were marked not by the 
strangeness of what he said, but 
by the way he spoke – as though 
there was something strange and 
different about the internal organs 
that produced the spoken sounds. 
Animals, dogs in particular, did 
not take to the boy and reacted 
violently towards him.

Stories were whispered about the 
boy, spiced with references to the 
bygone magic of these Hills and 
how they had once shook when 
Jacob Whateley called the name 
Yog-Shoggoth in the midst of a 
circle of stones with a great book 
open in his arms. 
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As the winter passed, Old Jacob 
Whateley set to a strange task. 
Rooms were emptied – shelves and 
cupboards removed, barn-doors 
and side entrances were padlocked 
and blocked. Every window in the 
house was tightly boarded up and 
blacked out so that no sunlight 
would enter the rooms. 

What 
lurked within 

the walls of the 
Whateley house?

To be cont inued . . .
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SHOE
BOX

by Radha HS

Exploring the stately 
homes and hearths of 
white ants

The Gods Must Be Muddy

Picture this scene: 
some kids are playing 
in a neighbourhood 

playground, and their ball 
happens to roll towards what 
looks like a mud mountain. 
Right beside it, are two 
women with plates in their 
hands. They proceed to smear 
vermilion and turmeric on 
the mud mountain, then pray 
to it, light incense sticks and 
pour milk over it. In case 
you’re baffl ed, this is not 
just any mound of mud, but 
a termitarium (the plural is 
termitaria) or an anthill, as it 
is more commonly known in 
our country. But this hill is not 
home to red or black ants, but 
to white ants or termites!

Intruder Alert
Why all the religious fuss over 
a termite home, you might 
wonder. Well, the women 
were actually praying to the 
squatter who occasionally 
moves into the anthill – a 
minor, but important god in 
Hindu mythology – the Naga 
Devatha or the Indian cobra. 
This snake loves to slither 

into the air-conditioned 
comfort of termitaria, every 
time the mercury rises. But 
when a critter, or termite, 
moves in, god or no god, the 
termites seal that portion off. 

In the tropics, parrots, 
kingfi shers, geckos, rodents 
and monitor lizards are 
some of the other occasional 
squatters in termitaria. 

Eco-friendly High Rise
So let’s get back to the 
termites and their mysterious 
homes. Termite mounds go 
deep underground and also 

rise high. They’re shaped 
to minimise exposure to 
the sun’s heat: an intricate 
network of passages and 
vents, in tall spires, help the 
air circulate and cool off. 
With millions of termites 
inhabiting each home, it can 
be quite a hothouse in there! 
But instead of cranking up the 
air-conditioning, armies of 
worker-termites tirelessly lug 
up moist soil from deep within 
to maintain humidity levels. 

Meet the Critters
Termites are tiny, pale, white-
bodied insects, approximately 
1 to 8mm long. But what they 
lack in size, they make up 
for in sheer numbers. The 
large populations of these 
social creatures are guided by 
swarm intelligence. And so, 
an entire colony of termites 
behaves like one intelligent 
being. While a colony can 
fi nd food, survive and thrive, 
a single termite is pretty 
helpless on its own and will 
perish quickly. 

Energy Food
What’s on the table at snack 
time? For starters, all manner 
of woody matter: dead trees, 
grass, coconut-husk, gunny-
bags, reed baskets and rafters, 
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When termite colonies occupy 
a fallen log, they tend to die 
once the log – their source of 
food – is fi nished. But those 
which build their own mounds 
usually survive for decades.

Knock On 
Wood
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or even wooden furniture. 
This does make the termite 
a pest, but it is also nature’s 
recycler and clearing agent 
rolled in one! 

Colonisers Inc.
Some termites leave their 
homes on wings. After a 
good rain, you might have 
noticed seemingly silly fl ying 
creatures, which mob your 
lights, crawl around them 
and die in a few hours. Well, 
this is the reproductive 
caste in the colony, which 
typically swarms out post 
rains. This fl ying batch has 
the sole purpose of starting 
new colonies. Every fl ying 
termite is a potential king or 
queen. The Irula tribe from 
Tamil Nadu coaxes fl ying 
termites out of their mounds 

by simulating rain. Then the 
entire community feasts on 
roasted termites, an excellent 
source of protein! 

Underground Fortress
Soil, woody matter, saliva and 
faeces make up the batter to 
build sun-baked, sturdy and 
waterproof mounds. Dorms, 
nurseries, queen’s chambers 
and fungal gardens are all 
interconnected by dark, 
cool passages. The initial 
building of the home and fi rst 
batches of eggs are looked 
after by the royal couple. But 
as the worker and soldier-
termites increase in number, 
they take over the chores. 
Then the queen’s work is 
to lay thousands of eggs 
every 24hrs, which are then 
fertilised by the king. 

Termite Architecture
Some of the fi nest specimens 
of termitaria can be seen in 
Africa and Australia. To get 
an idea of just how grand 
these structures are, let’s do a 
little comparative study. The 
tallest human-made building, 
the Burj Khalifa in Dubai, 
is 2716m tall. If an average 
Indian is 5'3" tall, it makes 
the Burj Khalifa 512 times 
taller. Now an average Indian 
termite is 2mm long and 
termitaria in Australia/Africa 
are up to 25 inches high. 
This makes the termitarium 
3800 times taller than a 
standing termite! These 
mud mountains are true 
architectural wonders! 
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CROSS
SECTION

Send us your completed crosswords and give us your feedback! Write to brainwave@ack-media.com 
See the solution to the March crossword ‘Pressure Tactics’ at www.bwmag.in/solution-pressure-tactics

A Ghoul in One
D

M

ACROSS
1. Lodestone is used in this therapy (6)
5. The main cause (4)
6. ____pathy – think it’s real? (4)
7. A ___ foil hat blocks out brainwaves, 

honest! (3)
8. The holy man produces this out of thin air (3)
10. Prefi x that makes ‘information’ erroneous (3)
12. Do placeboes relieve this? (4)
13. “I am organised because my ____ sign says 

so!” (4) 
14. Use ____’_ Razor to shave away 

unnecessary assumptions while explaining 
a phenomenon. (6) 

DOWN
1. Accidental discovery of phosphorus from 

urine resulted in the invention of this (5)
2. Alchemists tried to convert base metals into 

this (4)
3. Fact (5)
4. Does a full ____ cause lunacy? (4)
8. ____logy or nomy – which is the science? (5)
9. “Crime? It’s in his ____.” (5)
10. The Curse of the Mummy – reality or ____? 

(4)
11. ____normal: beyond scientifi c explanation 

(4)

by Veena Prasad

Easy
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p05 Wavelength: the distance between two 
adjacent peaks of a wave

Biofuel: fuel that derives its energy from 
living matter, like wood

Ethanol: alcohol used as fuel

p10 Bloodletting: the ancient practice 
of removing some blood from an ill person, 
believing it to be impure

Pathological: relating to diseases, their 
causes, cures and eff ects

p14 Reiki: a Japanese form of alternative 
medicine believed to involve transferring 
energy through one's palms

Acupuncture: the insertion of needles into 
living tissue, for the purpose of curing an 
illness

p15 Physiological: relating to the physical 
and chemical processes involved in the 
activities of living organisms

Dry  bite: a bite by a poisonous animal in 
which no venom is released, usually meant as a 
warning

Notes

p21 Poaching: illegal killing of animals 
on someone else’s property in violation of 
wildlife protection laws, usually with the 
purpose of selling animal parts for profi t

Traffi  cking: illegal trade and transport

Arthritis: a disease that causes pain and 
stiff ness in joints

p23 Convulsions: sudden, intense and 
involuntary muscle contractions

Invasive: a species that disrupts the habitat of 
a native species

p27 Recessive gene: A gene is a 
blueprint for cell construction that controls 
characteristics of organisms and is passed on 
from generation to generation. A recessive 
gene is one that is seen in an organism only 
when it is passed on from both the parents.

p28 Autopsy: dissection performed on a 
dead body to fi nd the possible causes of death

41
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p34
 Camillo the 
Chameleon

p22
 Tipu's Tiger!

p20
 Tour de France!

p36
 Wild Dholes!

p11
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Vol. 01  |  Issue 05  |  May 2012

Editor & Art Director
Vinayak Varma
vinayak@bwmag.in

Halo, Good Reader!

As always, it’s good to have you around! This new 
issue of Brainwave has no particular angle to it. 
It often keeps orbiting the same point, constantly 

circling back to where it started. That’s not to say that it 
hasn't turned out well. Though it sometimes looks like 
we’re cycling in place, we’ve still managed to cover a 
fairly wide circumference (while circumventing much of 
the dull stuff). It’s got latitude, this issue does. Even so, 
we’ve tried to give things our own little spin. We think it 
has a really nice ring to it, it does. In fact, it’s downright 
revolutionary.

What am I winding on about, you ask? You wheely don’t 
understand? Make the circuit down to our cover stories to 
fi nd out more. There’s little that they don’t encompass.

This issue also dholes out some good advice on hunting 
wild dogs, wipes your windshields along the way, and 
then takes you on an intergalactic hitchhike. It’s a regular 
circus, this issue. Go on, give it whirl. There’s really not 
much else left to discus here.

    Curvaceously,
  Vinayak
  vinayak@bwmag.in

On a roll
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Absolutely love the editorial 
on the Gas Issue! Especially, "if 
you have an H2S in your class 
be extra nice to him or her."

I'm so glad that this 
magazine exists. Having 
done a master's in science 
communication, I'd had the 
idea of essentially doing a 
science comic long ago. I'm 
glad that it's being done, and 
very well at that. Brainwave is 
my favourite reading/viewing 
material. I just love that what 
comes through the most for 
me is the quirky nature of the 
scientifi cally-inclined...

Superb stuff ! All the best...
Tanya Ramani, via email

Vo

No part of this magazine may be 
reproduced without the express 
consent of Amar Chitra Katha Private 
Limited (ACK). Any reproduction, 
modifi cation, distribution, 
transmission, republication, display 
or exploitation in any way of the 
content(s), in whole or in part, of this 
magazine is strictly prohibited.

ACK makes no warranties or 
guaranties, express or implied, written 
or oral, as to the contents of the 
magazine, the information, materials 
or opinions, included in this magazine. 
In no event shall ACK be liable for 
damages of any kind arising as a 
consequence of using or following 
any method or formula as mentioned 
in the magazine, including but not 
limited to direct, indirect, incidental, 
punitive and consequential damages.
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CUT
PASTE

Virtual Glasses from Google
As technology increasingly 
takes over our lives, the line 
between the real world and the 
virtual world has become a very 
thin one. And Google’s newest 
creation will make this thin 
line practically invisible! Called 
Project Glass, this revolutionary  
invention consists of a pair of 
glasses that will be connected 
to the internet, all of the time. 
Slip it on and it will process any 
information, like the shortest 
route to a restaurant or the 
exact location of a friend and 
display it before your eyes, 
real-timeG. It’s like having a 
smartphone built into your 
brain, only smarter. When 
Project Glass becomes a reality, 
we’ll go from reacting to the 
world to interacting with it! 
Watch a video of what these 
amazing glasses can do at 
http://goo.gl/Jw6cO.

Beating Tourette’s
May 15 to June 15 is Tourette 
Syndrome Awareness Month. 
Tourette’s syndrome is a 
neurologicalG and psychiatricG

condition, which causes sudden, 
irregular movements or vocal 
tics. Living with the syndrome is 
an everyday struggle. Log on to 

Happy Towel Day
Wherever you live and 
whatever your age, remember 
to carry a towel on May 25. Err... 
if this sounds goofy, then it’s all 
the more reason to do it! Towel 
Day is an ode to the genius of 
writer Douglas Adams and his 
much-loved book series, The 
Hitchhiker’s Guide to the Galaxy. 
First celebrated in 2001, two 
weeks after Adams’ death, 
this tradition has become a 
simple and eff ective way for 
true fans to remember him by. 
This excerpt from the book 
explains the idea behind Towel 
Day: “...  any man who can hitch 
the length and breadth of the 
galaxy, rough it, slum it, struggle 
against terrible odds, win 
through, and still knows where 
his towel is, is clearly a man to 
be reckoned with.” And if the 
name Douglas Adams doesn’t 
ring a bell, then turn to p7.

Image by Google

Image by sumantbarooah

Image by lipkee

Image by Arnauh Fuentes

Recovering Rhinos
In 2009, the population of 
the one-horned rhinoceros at 

the Kaziranga National Park in 
Assam was 2048. After three 
years of consistent eff orts to 
save the endangered species, 
the population recorded by 
the 2012 census is 2290! This 
success is inspiring news for 
conservationists everywhere. 
via The Telegraph

http://goo.gl/Lcmd1 to know 
more about why this disorder 
occurs and how it aff ects 
people. 
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Hope for Human Joints
Arthritis, which causes 
bones – especially joints – 
to degenerate, is a disease 

Happy Birthday, Dear 
Physicists
One half of a formidable 
scientist-couple, Pierre Curie 
was born on May 15, more than 
one and a half decades ago. 
Along with his wife Marie Curie, 
this Nobel Prize-winner made 
notable discoveries in the fi eld 
of radioactivityG. Keeping the 
theme of this issue in mind, we 
also feel compelled to mention 
that Curie was killed when the 
wheel of a horse-drawn cart 
crushed his skull. Yet another 
brilliant physicist, Richard 

Richard Feynman; image by Fermilab

Marie and Pierre Curie; image by Vitold Muratov

Feynman, was born in May (May 
11, 1918). He came up with 
many theories and formulas 
in the fi elds of quantum 
mechanicsG and particle 
physicsG. And though his work 
is a little hard to explain in this 
short space, should you choose 
to study advanced physics, 
you’re bound to encounter 
Feynman rather frequently.

without a cure. So far, people 
suff ering from arthritis only 
get by on pain medication. 
But things may be looking up 
in the near future. A team of 
scientists from the Scripps 
Institute, California, and 
Novartis Research Foundation, 
San Diego, have discovered 
a molecule called kartogenin 
that helps damaged cartilageG

regenerate. Pills or injections 
made from this molecule may 
be the big solution to this 
painful condition.

Three Cheers for Bicycle Week
It’s cheap, it’s got two wheels, 
it’s good for the environment 
and your health... it’s the 
bicycle! One of the simplest 
machines around, the bicycle 
is a beautiful example of pure 
physics at work. And the second 
week of May happens to be 
Bicycle Week! Go on, take your 
bike out for a ride.
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TOY
BOX

To make the instant fan, you will need:
 A pencil with an eraser at the top
 A knife or cutter
 A thumb pin
 An empty refi ll of a ballpoint pen
 A piece of chart paper (5cmx1.5cm)

1. Using a knife, cut fi ve or 
six notches into a pencil at 
regular distances from each 
other.

2. Fix the piece of chart paper 
on the eraser at the end of 
the pencil with a pin.

3. Now drag an empty refi ll 
along the pencil notches 
repeatedly.

What do you notice?
The fl ap of paper at the end of 
the pencil starts to rotate like a 
fan! 

Method

The Instant Fan

Artw
ork: Adarsh Achari

by Arvind Gupta
(www.arvindguptatoys.com) 

How does this happen?
The exact mechanism that 
makes the paper fl utter is 
pretty complex, and several 
researchers have tried to fi gure 
it out. Quite simply put, the fan 
rotates because of vibrations 
caused in the pencil.

May 2012 0
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Mosquitoes have been 
around for over 
100 million years 

and there are more than 
3500 species on the planet 
at present. It would be safe 
to say that they are in no 
danger of becoming extinct, 
except that they’ve made one 
powerful enemy – humans. 

While only some mosquito 
species bite humans, and 
only some of these spread 
illness, millions of us are 
affected every year by 
mosquito-borne diseases 
like malariaG, dengue 
feverG, chikungunyaG and 
yellow feverG. Added to this, 
is the precious sleep lost 
due to sudden pricks and 
high-pitched whining in 
our ears! In recent years, 
some scientists have begun 
to wonder if it would be 
such a bad thing after all if 
mosquitoes were to be wiped 
out entirely. There have even 
been experiments where a 
large number of genetically-
altered mosquitoes have 
been released to wipe out 
a specifi c type of mosquito 
from an area. 

How would we be affected? 
For starters, any methods we 
use to eradicate mosquitoes 
could have side effects. For 
instance, an insecticideG

called DDT was widely used 
against mosquitoes in the 
last century. While it killed 

Sanjana Kapur from 
Bengaluru asks, “Will 
mosquitoes ever become 
extinct? How will that 
affect us?”

mosquitoes and saved many 
human lives, it also caused 
other health problems 
in people. Mosquitoes 
eventually developed 
resistance to DDT and it was 
no longer as useful. Today, 
if we were to eliminate one 
harmful type of mosquito by 
genetic means, new and more 
dangerous forms of diseases 
transmitted by mosquitoes 
might just emerge.

Vampires, Slayers 
and Celestial Dwarfs 

by Srinath Perur
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Riva Sarkar asks, “How 
many planets are there?”

Try This!
There are fi ve planets in our 
solar system that are visible 
to the naked eye – Mercury, 
Venus, Mars, Jupiter and 
Saturn. Venus is easiest to 
spot, being brighter than any 
visible star. It can be seen early 
in the evening through most of 
May 2012. Ask someone who 
knows a bit about astronomy 
to show you the other four 
planets. You could also ask 
them to help you view the 
transit of Venus across the sun 
on June 6, an event that won’t 
repeat till 2117!

y 

s 

y 
re 
s 

We also do not know enough 
about how interconnected 
things in nature are. In 
parts of the Amazon, the 
mosquito is credited with 
preserving forests because 
its large numbers prevent 
humans from going there 
to cut trees! Several kinds 
of bats, spiders, lizards and 
frogs eat mosquitoes. The 
mosquito-fi sh feeds mostly 
on mosquito larvaeG. If there 
were no more mosquitoes, 
the behaviour of all these 
animals would change in 
unknown ways, in turn 
affecting other animals 
and plants, and perhaps 
eventually, humans. 

Until we know more, it might 
be a good idea not to wipe out 
any part of nature and sleep 
tight under a mosquito net. 

For much of the 
twentieth century, 
there were nine planets 

in our solar system. But 
in 2006, the International 
Astronomical Union changed 
its defi nition of the term 
‘planet’. According to the new 
criteria, it was not enough 
for a body to go around the 
sun. It also had to be of a 
certain size. So poor little 
Pluto (formerly known as a 
dwarf planet) got left out of 
the planetary group and we 
now have eight planets in 
our solar system. Outside our 
solar system, we have found 
763 planets so far. Of course, 
there are plenty more waiting 
to be spotted. 

A
rtw

ork: Rajiv Eipe
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TRY
OUT

A very quick review of: 
The Hitchhiker’s 
Guide to the 
Galaxy

by Shalini Srinivasan

Wassat?
Science fi ction comedy.

Hmmm.
No really, it’s the best.

So what is it?
In 1978, a young man named Douglas Adams 
wrote a radio series called The Hitchhiker’s
Guide to the Galaxy, which began with the 
total destruction of the earth, and went on to 
more cheerful things like depressive robots, 
spaceships and towels. Since it was going so 
well, he decided to turn it into a novel. And 
then several more. There are currently six 
novels (the last one is by someone else), a 
radio series, a TV series and a fi lm. Oh and a 
computer game.

And then? 
Adams’ books took all kinds of perfectly 
regular things (tea, for example) and some 
completely ridiculous things (two-headed 
aliens) and then squished them together 
with some wonderful-to-read-aloud writing, 
into what he christened the Whole Sort of 
General Mish Mash.

So it’s nice? 
The Hitchhiker’s Guide to the Galaxy is 
probably the funniest science fi ction book 
you will ever read – it is also the most 
frightening, the saddest, and quite clearly, 
the oddest one.

Okay, I’ve fi nished it. 
Now what? Read Adams’ other stuff: his 
detective novels featuring the pizza-loving 
Dirk Gently and Last Chance to See, his book 
on endangered animals. 
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1868
Racing bicycles on roads is 
recognised as an organised sport.

by Aparna Kapur

1924
Scrambles, a motorbike race 
ripping through rough, unpaved 
roads kicks off  in Surrey, England 
and marks the birth of motocross.

1950
The demolition derby, where 
competing cars deliberately ram 
into each other, becomes hugely 
popular.

1956
Art Ingels builds the fi rst racing 
kart out of scrap metal and a 
motorcycle engine.

19
Sla
be
do
be

1933
Newspaper photographer Myron 
Scott witnesses an impromptu 
race between children in Dalton, 
USA. The kids race soap cartons 
and orange crates attached with 
wheels. Within a year, Scott will 
turn this game into a national-level 
sport, the Soapbox Derby.

1946
The fi rst Formula One race, the 
Turin Grand Prix, takes off  in 
Valentino Park, Italy. Cars like Alfa 
Romeo, Ferrari and Mercedes-Benz 
compete to win. 

19
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1870
Cycling indoors on wooden tracks 
becomes popular.

18
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1924 1946

1950
h d l d b h
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1956

Vrooming through 
racing history

NEED NEED 
FOR FOR 
SPEEDSPEED
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1960
Slalom skateboarding, a race 
between skateboarders on a 
downhill track marked by cones, 
becomes all the rage.

1985
Monster trucks or pickup trucks 
with oversized tires race against 
each other on a rough and bumpy 
terrain in The Battle of the Monster 
Trucks in the Louisiana Superdome, 
USA.

1994
Urban Idiotarod, a shopping cart 
race, is held in the streets of San 
Francisco. This will become a well-
loved sport featuring costumes, 
themed carts and tricks.

a 
nz 

1948
American racecar driver Bill 
France Sr. sets up  the National 
Association for Stock Car Auto 
Racing (NASCAR). This goes on to 
become the largest organiser of 
auto races for stock cars (ordinary 
cars modifi ed for racing).

1949
The fi rst Grand Prix Road-Racing 
World Championship, a landmark 
motorcycle race, fl ags off  in the 
British Isles.

s 
1897
The fi rst hillclimb, a race to see 
who can cycle to the top of a hill 
fastest, is held in France.

1902
Cyclo-cross, the fi rst-ever French 
National Championship, features 
tracks which alternate between 
grass, hills, pavements and 
obstacles. It even requires riders to 
carry their bicycles between tracks.

1910
The world’s fi rst board track opens 
in California. The oval, wooden 
track angled at 45 degrees will 
later be used for motordrome 
racing.

9

1985885
pickup trucks

iser of
ordinary 
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b Idi d h i

Also in 1949
The international sidecar racing 
championship is held in the Isle of 
Man for the fi rst time. Superside, as 
it will come to be known, features 
competing motorcycle sidecars, 
where a driver kneels in front of 
the engine near the front wheels 
and a passenger lies on a platform 
at the back.
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The year was 2500 BCE 
in the city of Kish in 
old Mesopotamia1. 

Young Zimri was watching 
his father, Assur, gather red 
clay from the bank of the 
Euphrates. He would then 
heap the moist clay on a 
wheel lying fl at on the ground 
and spin it, as his hands 
shaped a fl awless pot. Zimri 
never tired of watching this 
magical transformation. The 
last few months had been 
extremely busy for Assur, as 
the priests from the Temple 
of Inanna had ordered huge 
numbers of pots and small 
statues. And so Zimri decided 
to wait before asking his 
father to make him a toy.

1Mesopotamia, or The Land Between Two 
Rivers, is situated between the rivers 
Euphrates and Tigris in present-day Iraq. 
An early civilisation thrived here more 
six thousand years ago.

He ruefully looked at the last 
toy his father had made for 
him. It was a small clay goat 
whose legs were missing. It 
did have legs when it was 
new, but after bravely fi ghting 
many imaginary battles for 
Zimri, they had snapped off. 

Zimri wandered off to fi nd 
his uncle Luga. Luga was an 
apprentice clay worker. Not 
as skilled as his brother Assur, 
he hadn’t been commissioned 
to make artefacts for the 
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Journey of
theWheel
A historic yarn 
starring an ancient 
explorer, a clever 
Mesopotamian boy and 
his extraordinary toy

temple. He was a good 
brickmaker though, and 
anyone who was building a 
house in Kish approached 
him fi rst. 

“Uncle Luga! Can you make a 
toy for me?” Zimri called out.

“What happened to your 
goat?”

Zimri showed him the 
remains.

Luga laughed. “I’ll make 
another one for you when I 
have some time. Meanwhile, 
make yourself useful Zimri! 
I have a guest coming all 
the way from Uruk. Help 
me clean up the place!” 
Luga lived in a small brick 
house with a large yard 
which doubled up as his 
workshop. This meant 
it was always messy. 

“Why am I always around 
when he wants to clean up?” 
mumbled Zimri, as he picked 
up a stray brick and stacked 
it on a half-standing wall of 
bricks. He stopped mid-stride 

A
rtw

ork: Anuranjini Singh

by Veena Prasad
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Yahurum’s yearly visit. Most 
excited of all was the explorer 
himself, as he had just 
returned from distant Turkey, 
bringing back a novelty so 
alluring that it would thrill 
the people of Kish. He was 
mentally calculating his 
profi ts when Luga, trailed by 
Zimri, welcomed him into 
the yard. “I come this time 
from the wondrous land of 
Anatolia2,” began Yahurum. 
He rambled on about the 
various monuments they 
were building and their shiny 
copper trinkets. 

The priests of the Temple of 

palm and turned it over. 

“You can have two fi gs for 
this,” he said fl atly.

But Zimri had caught the glint 
in the trader’s eyes and wasn’t 
fooled by his indifference. 

“Add a clay tablet, and 
it’s yours,” the little boy 
proposed.

“Done!” boomed Yahurum. 

Many moons later…

It was that time of the 
year again. Preparations 
for the grand festivities at 
the Temple of Inanna had 
begun. It was also time for 

to wonder, “Or does he think 
of cleaning it only when I’m 
around?!” 

When Luga’s guest arrived, 
the yard was in a fairly 
tolerable state. It might have 
been a little more presentable 
had Zimri not stumbled onto 
a curious-looking object 
halfway through his cleaning, 
and spent the rest of the 
afternoon playing with it. 
He quickly hid it inside his 
tunic and greeted Yahurum, 
the famous explorer from 
Uruk. He was excited to see 
him, just as every citizen in 
Kish was. Yahurum was both 
a trader and explorer who 
travelled to faraway lands 
on camelback and by sea 
and brought back exquisite 
treasures that no one could 
dream up. 

“What’s that hidden in your 
tunic, young Zimri?” were 
Yahurum’s fi rst words of 
greeting. 

“Doesn’t miss a trick, that 
man,” grumbled Zimri, as 
he reluctantly extracted a 
smooth clay disc from inside 
his tunic. Yahurum’s face 
was nonchalant, but his 
eyes narrowed. A shrewd 
trader, he had trained 
himself not to show too much 
interest in anything, lest its 
price shoot up. Casually, 
he placed the disc in his 
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e 2Present-day Turkey
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Historic Bytes
Archaeologists have found 
remains of ancient wheels 
in Mesopotamia. These fi nds 
suggest that wheels were fi rst 
used for pottery sometime 
during 3000 BCE, and for 
transport during 2000 BCE. The 
revolutionary idea travelled 
across Eurasia quickly – to 
India, China, Egypt, Turkey, and 
eventually to the rest of Europe. 

Inanna who had gathered 
at Luga’s house wore polite 
expressions, but rolled their 
eyes when Yahurum implied 
that the Temple of Artemis in 
Anatolia was the grandest he 
had seen. 

“Do you know what makes 
it so great?” he continued. 
“Is it the 10,000 workers? 
Perhaps. Their mastery with 
bronze? Doubtlessly. The 
expert craftsmen? Obviously. 
But they have something else 
that no one else has…” He 
paused theatrically to see if 
anyone could take a guess, 
but his audience remained 
impassive. 

“A tool! One which many of 
you have seen and used, 
but never so ingeniously 
as the Anatolians,” he said, 

eyeing Zimri’s father Assur, 
who was frowning in a corner 
of the yard. 

The air grew thick with 
hostility as Yahurum 
concluded, “It’s a potter’s 
wheel, except they use 
them in pairs – and standing 
upright! With this contraption, 

they can carry heavy objects 
and travel across distances 
without tiring!”

“Like this?” Zimri walked 
past, pulling a string to which 
a clay tablet carrying his old, 
broken toy goat was attached. 
Fixed on either side of the 
tablet, were small potter’s 
wheels standing upright! “Or 
like this?” asked Luga, pulling 
a wagon fi lled with a dozen 
bricks. 

Yahurum stared, open-
mouthed.

“What is the one thing that 
moves faster than a trader?” 
he asked with a cocked 
eyebrow. 

“A good idea!” quipped Zimri 
with a cheeky grin.” 
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EXCLUSIVE
INTERVIEW

the Bogie Man
As you zip past the green 
countryside, listening to the 
lulling chukk-chukk sounds 
of the train, it’s easy to forget 
that there is someone who 
is sitting at the front and 
operating the locomotive. 
The engine driver or the 
locomotive pilot wears 
many hats: he is in charge 
of safety, getting you to 
your destination on time as 
well as other behind-the-
scenes activity. Here are 
excerpts from a conversation 
Brainwave correspondent 
Aparna Kapur had with 
loco pilot Javed Basha, just 
before he set off from the 
Bangalore Railway Station to 
Dharamavaram.

How noisy is it in the 
engine room?

It’s very noisy in there. There 
are new WDP4 and WG4 locos 
with advanced two-stroke 
engines that create less noise. 
But the traditional diesel 
engine is much louder.

What would happen if 
a loco pilot were to fall 
asleep?

The loco pilot and the 
assistant loco pilot are always 
there in the engine room. 
A vigilance control device 

makes sure that the driver 
is doing some activity all the 
time. If he is not accelerating 
or braking, then a button 
fl ashes. If he doesn’t turn off 
the button, a buzzer starts 
to ring. And if there is no 
response even after that, 
then the train comes to a stop 
automatically.

Could you describe some 
emergency scenarios that 
occur while driving?

Sometimes, I fi nd people 
standing on the tracks, just 
for fun. So I am in a dilemma 

about whether to stop or not. 
If I stop the train, it takes a 
long time to start up again, 
leading to delays. All I can do 
is honk and make sure the 
prankster can see the train 
coming. Then there are times 
when people put stones on 
the track for fun, but it can 
cause serious problems. 

To read the rest of the 
interview, visit www.bwmag.
in/category/interview

Photo: Aparna Kapur

With many thanks to Neenu Ittyerah 
for arranging this interview and to
Mirnalini Sarin for all her help. 
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Cog Rail
An extra cog rail with a series of 
grooves is fi xed in the middle of 
the track. The rail car is also fi tted 
with an extra wheel toothed so that  
it fi ts into the cog rail, like a gear. 
This increases friction and ensures 
better grip.

Chugging 
up the Hill
Riding on a train through mountains can be all 
sorts of fun. But it’s no breezy ride. Trains need to 
negotiate steep slopes, sharp bends and long tunnels, 
need extra speed while climbing uphill, powerful 
brakes to travel downhill and a strong grip on the 
rails to avoid mishaps. All of this is made possible by 
technology. Read on to see how.

Narrow Gauge
Reducing the distance between the 
rails to less than the standard 56.5 
inches makes the track a narrow 
gauge. This allows for tighter curves. 
As the tracks are narrower, smaller 
rail cars needing smaller tunnels 
can be used.

ge

es friction and ensures

by Aparna Kapur & Anuranjini Singh

HERE'S
HOW
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Fell System
Brake shoes fi tted to the rail cars 
are pressed horizontally onto a 
third central rail for extra power 
while braking. The rail cars
have additional engines to power 
horizontal wheels that hook onto 
the extra rail, boosting speed as 
the train climbs uphill.

Funicular
In case of very steep slopes, the 
train is attached to a cable, wound 
around a drum at the top of the 
hill. This is in turn powered by a 
stationary engine. The drum causes 
the cable to move constantly, 
pulling the train up with it.

cular

em
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HERE'S
HOW

Tour de France is held for 
three weeks every year, since
1903. It covers around

Set in and around France, the 
course of the race changes 
each year, but always finishes 
in Paris.

The highest climb in the race so far was Col Angle 
at 2744m. All the effort of the mountainous 
bike-riding has been compared to climbing three 
Everests! 

Helmets are aerodynamically 
designed.

  Chamois, a form-fitting pad 
fitted in cycling shorts, makes 
long rides more comfortable.

Riding gear is made of 
sweat-resistant and breathable 
fabric.

Carbon-soled footwear helps 
the rider lock onto the pedals.Some of the harder parts of 

the route are:

3200km

FRANCE

Riding Gear

ZEAL ON TWO WHEELS
Equal to climbing three Everests and running a 
couple of marathons back-to-back, the Tour de 
France is the world's most adventurous and most 
nerve-racking bicycle race

by Aparna Kapur & Somesh Kumar

Val-d'Isère to Sestriere 
2035m
Prone to snowstorms

Col du Galibier  
2645m 
Highest point of 
Tour de France

Alpe d'Huez 
1860m
Steep climb

Mont Ventoux 
1912m
High-speed winds

Col du Tourmalet 
2115m
Highest road in Central 
Pyrenees
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7000
Titanium is strategically 

placed in the handlebar 
and wheels to add stability 
and stiffness and to boost 
performance.

Before each stage, the riders 
get to select a bike matched 
to the road conditions and 
type of riding required.

Earlier, gears were changed 
using a lever attached to a 
cable. Now, gears use index-
shifting. They are placed on 
the handlebars and can be 
shifted with minimal effort.

Every extra bit of weight that 
the riders shed is less weight 
they have to carry. 

Although cycling demands 
strong legs, the muscle 
weight in the upper body is 
just baggage.

Dinner after the race and 
breakfast before, are the 
most important meals 
and are typically rich in 
carbohydrates and proteins.

Cyclists are also worked on 
by a team of masseurs and 
physiotherapistsG (called 
team soigneurs). 

In a single day, the riders 
consume up to

During the race, they 
consume about 300-400 
calories every hour at the 
beginning of each stage, 
including power bars and 
sports drinks (carbohydrate-
based fluids).

Carbon frames make the 
bicycles light and strong.

Bicycles Fitness and Health

calories

4-8% 
racing cyclist

18-24% 
average male

Body Fat Percentage
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An uneventful afternoon of hunting 
regular, harmless deer turned rather 
nasty quite suddenly for 
these four Englishmen.

The mauled 
Hugh Munro 
died in hospital 
four days later 
– but  became 
famous with a 
little help from 
his friends.

He commissioned a crew of 
local paint-thumbs, French 
mechanicians and classical 
musicians to make a work 
of art inspired by poor Hugh 
Munro and the toothsome 
tiger.

Tipu Sultan, ruler of 
Mysore, loved tigers and 

loathed the British 
(who were working 

on colonising 
India).

MULTI
VERSE
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Known as Tipu’s 
Tiger, this 
wooden toy shows 
a wailing British 
soldier being 
lunched on by 
a fat, growling 
tiger.
 A crank handle 

turns to pump a pair of 
bellows. One of them 

powers the tiger’s grunts 
and the shrill scream of the 

man. The other helps operate 
a mechanical keyboard on 

which tunes can be played. The 
crank handle also causes the 

tiger’s head and the man’s left 
arm to move up and down.

A system of meshed gears 
transmits movement from the 

turning crank to the lever 
operating the bellows and the 

moving arm and head.

Such automatons, 
or self-operating 
machines, are 
highly complex 
concoctions of 
really simple 
machines like 
gears, springs, 
levers and 
cranks. They are 
designed to carry 
out specifi c tasks, 
even something 
as mind-boggling 
as writing poetry, 
when wound like a 
watch.

They say that the British felt both 
annoyed at the toy tiger’s growls and 
jealous of its sheer coolness. So much 
so that they fought Tipu 
Sultan and his mighty 
army for it.
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You will need:

Step 1

Step 3

Step 4

Step 2

Step 01 Step 4

p 3

with 

Rubber Band Racecar

DO IT
YOURSELF

St

StSt

by Chaitanya Krishnan
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Step 5 Step 7

Step 8

Step 6Step 6

p

Step 7p
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PART 3

The Strange and 
terrible birth of 
Wilbur Whateley!

A Mysterious 
fire burnS at 
Sentinel Hill!

Ancient creatu eS 
RISE FROM WITHIN 
THE EARTH!

More space Willy, more space. 
you grow and That, that grows 

faster. Open up the gates for 
Yog-So oth with the chant 
on page 751 of the complete 

edition  and then put a match to 
its prison. Fire from earth

WON’T burn it anyhow.

SPECULATIVE
FICTION

Adapted by Sunando C  f rom 
HP Lovecraf t ' s  The Dunwich Horror 

*of Necronomicon *No

Ten years had passed since Wilbur 
Whateley’s birth. By then, Old Jacob 
Whateley had hollowed out the house, and 
only two living quarters remained in that 
shell of a building for the old man, his 
daughter and his grandson. Wilbur left the 
house rarely, as he was schooled at home 
by Jacob. Though what manner of study 
was conducted from Jacob's large tomes, 
no one knew.
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o 

*Nocturnal bird from North and Central America

“they’re gettin’ ready to 
catch my soul. They know 

it’s  goin’ out and they 
won t miss it.  

A seemingly limitless legion of 
whippoorwills* had permanently 
entered the skies above Dunwich. 
And one night, as his breathing 
reduced to wheezing gasps timed to 
the chattering of the night birds 
overhead, Jacob Whateley knew 
that his end was not far off. 
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Feed it regular , Willy. 
But don’t let it grow too fast for 
the place! if it bursts quarters 

or gets out before you open to 
Yog-so oth  it’s all for no use. 

only them, from beyond 
can make it work!

Only them, 
the old ones that want 

to come back!

Grampa?

And s
Jacob Whateley 

died.

Only his pale, shapeless daughter 
and his odd-featured grandson were 
present as Jacob breathed his last. 
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They’re quiet  
They didn’t get 

his soul.

e 
ON HALLOWEEN, a fire 
burned at Sentinel Hill as 
usual. As whippoorwills took 
to the skies again, their shrill 
notes rang from darkness to the 
next light. Jacob’s daughter, 
Lavinia Whateley, was never 
seen again. 

The following summer, Wilbur, now 
nearly seven-feet tall, closed all the 
doors to the house as his grandfather 
had done with the windows and 
removed the partitions between rooms 
and between each door. He repaired 
the shed in the farmyard and moved 
all his belongings out of the empty, 
hollowed-out house.

To be cont inued . . .
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CROSS
SECTION

Send us your completed crosswords and give us your feedback! Write to brainwave@ack-media.com 
See the solution to the March crossword ‘Pressure Tactics’ at www.bwmag.in/solution-a-ghoul-in-one

Lanes and Junctions
D

M

ACROSS
1. The teeth on gear wheels (4)
3. The London Olympic Stadium's ____ looks 

like a bicycle wheel. (4)
5. ____-lock braking system is a safety system 

for motor vehicles. (4)
6. Loose sediment that tyres get stuck in (4)
8. Used to secure a wheel on a vehicle (3)
10. Cold, slippery surface that tyres skid on (3)
11. Automobile (3)
12. Pumped into a wheel's tube (3)
14. Wheel's outer covering (4)
16. Robots with ____ wheels can move in any 

direction. (4)
17. Reverse the last action (4)
18. Rod passing through the centre of a wheel (4)

DOWN
1. Vehicle of the ancients (7)
2. Rotate (4)
3. A wheel that is not in motion is at ____. (4)
4. The squeaky wheel gets this (3)
7. A water wheel that generates power (7)
9. A ___cycle has only one wheel. (3)
12. Bike wheels slow down due to ____dynamic 

drag. (4)
13. ____ Fortunae, or The Wheel of Fortune (4)
15. The dark half of the Taoist circle (3)

1 2 3 4

5 6 7

8 9

10 11

12 13

14 15 16

17 18
by Veena Prasad
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TRY
OUT

)

ic 

by Vinayak Varma

Wassat? 
It’s a DIY book about treedom. “Treedom is 
never dear at any price. It is the breath of 
life. What would a man not pay for living?” 
Mahatma Gandhi said that about treedom. 
Okay, okay, so he said that about ‘freedom’, 
not ‘treedom’. Still. Same difference.

Hmmm.
It’s the bee’s knees, we tell you.

So what is it?
Like we said, it’s a book about trees, and it’s 
full of clever little cartoons that explain the 
awesomeness of trees. It’s also a book that 
contains trees: within each copy of Let’s 
Plant Trees are three (three!) free pongamia 
seeds that can grow in virtually any region 
or climate. That’s right: trees in a book! 
Conservation has never been funner!

Who made it?
Vinod Lal Heera Eshwer, an advertising 
superstar whose tree-mania is proportionate 
only to the length of his name. This guy is so 
madly in love with trees that he plants them 
like the planet’s life depends on it (which is 
just as well). He once planted three hundred 
trees in the rainforest next to his village. 
Another time, he got a major newspaper 
to attach seeds to all their copies, so their 
readers could conveniently save the world 
with their morning cuppa. This guy is so 
crazy about trees that, given the choice, we 
think he’d rather be a tree than a human 
(which is also just as well).

So this book, it’s nice? 
Let’s Plant Trees is one of the nicest books 
you can read (or gift!). It’ll also teach you ten 
(ten!) new ways of seeing the shape of a tree.

Okay, I’ve fi nished it. Now what?
Go plant those pongamias, dummy! And 
then plant a few other species! And some 
more! Keep at it till you replace every 
tree that’s ever been cut down. Challenge 
accepted? 

Illustrations by Vinod Lal Heera Eshwer (©Tulika Books)

A very quick review of: 

Let's Plant 
Trees
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KINGDOM
ANIMALIA

The Wild 
Dhole Chase by Siddharth Rao

Siddharth Rao tracks the 
elusive and endangered 
Asiatic wild dog or dhole 
through dense jungles 
around India

The cramp in my leg 
started to bother me 
and I moved a little 

to make it better. I had been 
quietly squirming in this 
fashion for over an hour, 
crouched on a too-thin tree 
perch. As I contemplated 
my next move, the fi rst pup 
stumbled out of the den. 
Then another followed and 
another, till there were six 
playful puppies and three 
adult wild dogs 150ft away 
from my hiding place in the 
tree. I forgot about the cramp 
in my leg and observed the 
unfolding action. The adult 
dogs greeted each other 
in typical wild-dog-style: 
whining, licking each other 
and rolling on the ground. 
The pups chased one another 
and one even chewed on its 

First glimpse
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Photos by Siddharth RaoDholes live across parts of India, Bhutan and Southeast Asia.

You
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brother’s ear. I was in the 
Mudumalai National Park in 
Tamil Nadu, helping to make 
a fi lm on the Asiatic wild 
dog, also called the dhole. I 
spent weeks observing what 
they did in their natural 
environment and here is what 
I learnt.

Getting to know dholes

A distinct species of wildlife, 
dholes are part of the 
canidaeG family. They cannot 
be domesticated and live in 
packs or groups as social 
animals (the largest dhole 
pack ever recorded had over 
40 members). They’re found 
in India, Bhutan and in some 

Southeast Asian countries, 
right up till Russia, and 
share their habitat with large 
carnivores like leopards, 
tigers, hyenas and wolves. 
And just like these carnivores, 
dholes consume a variety of 
prey, from small rodents to 
large animals like sambhar 
deer.

Team players and wily 
strategists 

Being social animals, dholes 
hunt together and this makes 
them very effi cient. They 
are successful in catching 
prey up to 80% of the time 
that they go on a hunt, while 
tigers have a success rate 

of only 5%. Even though 
they’re small in build, the 
dholes’ overcome this with 
teamwork. I once watched 
three wild dogs cross paths 
with a large adult leopard 
in the forest; but the dholes 
teamed up and forced the 
leopard up a tree! But on 
another occasion, I saw that a 
small group of dholes did not 
confront a tiger, and chose to 
move away. It would probably 
take 12 to 15 wild dogs to 
convince a tiger to back 
down.

The big dhole hunt

Dholes hunt twice a day – 
early every morning and just 

Photos by Siddharth Rao

Young adults often whistle to each other when they're on a hunt.
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before sunset. If they manage 
to make a morning kill and 
the pack is well-fed, they will 
not hunt till the next day. Like 
all wildlife, dholes only eat as 
much as they need to. They 
hunt by working as a team, 
attacking their prey from 
different angles, and chasing 
them over long distances. 
Since they are relatively 
small compared to some of 
their prey (like the chital or 
sambhar deer), dholes are 
often unable to kill their prey 
when they catch it. Instead, 
the prey dies from shock 
and blood loss after being 
attacked.  

Whistle, lick, scream

Communication is a big part 
of dhole behaviour. They 
express themselves in many 
ways, one of which is physical 
contact. A pack of travelling 
wild dogs will often stop to 
nuzzle, lick and rub against 
one another. While a lot of 
this behaviour is playful, 
there are other messages 
being communicatedv. For 
instance, the dogs lower 
in the social hierarchy try 
to get the attention of the 
alpha male and alpha female 
(the leaders of the pack) by 
cosying up to them physically. 
Interestingly, dholes do not 
bark, but whistle. Mothers 
whistle to call their young, 
and adults whistle when they 
hunt. They are also known to 
scream, coo and growl.  

Endangered and 
unpopular

Sadly, the dhole has been 
killed indiscriminately by 
humans over the years (with 
bounties placed on each 
dead animal) for not being 
a “sporting hunter” and for 
eating “the maharaja’s deer”. 
Today, it’s an endangered 
species. Like most wildlife, 
habitat loss is the major cause 
for its decline. But if you 
ever happen to visit a forest 
that is home to dholes (like 
Bandipur, Kanha, Corbett and 
Nagarhole) and encounter 
a pack, listen carefully for 
their high-pitched whistles – I 
guarantee it’s the experience 
of a lifetime! 

Apart from whistling, dholes also coo, scream and growl. But they don't bark.
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PLANET
NINJAS

Tiny drops from water 
bottles make a mighty 
water body. 

Just as they leave for home, 
children from the Sishu Griha 
Montessori in Bangalore 
empty their water bottles 
into a big blue drum. This 
water is used to irrigate the 
school garden everyday. The 
kindergarten teachers and 
children hope that other 
schools and offi ces will use 
this simple and effective 
method to conserve precious 
water.  

An initiative by the students 
and staff of Sishu Griha 
Montessori and High School, 
New Tippasandra, Bangalore Photos by Vinod Lal Heera Eshwer / Digital editing by Anuranjini Singh
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p05
Real-time: updating information at the 
same rate at which it is received

Neurological: relating to the brain or 
nervous system

Psychiatric: relating to mental illness and 
behavioural conditions

p06
Radioactivity: giving off  rays of particles 
and energy because of the breaking apart 
of unstable elements

Quantum mechanics: the study of matter 
and energy at the level of atoms

Particle physics: the study of the basic 
components of matter and radiation and 
the interaction between these components

Cartilage: dense tissue typically found at 
the end of joints

p08
Malaria: a disease spread by mosquitoes 
that results from parasites multiplying in 
the blood

Dengue fever: a mosquito-borne disease 
that presents with a skin rash and causes 
fever, headaches and muscle pain

Chikungunya: a viral fever transmitted 
by mosquito bites, causing acute fever 
followed by joint pain

Yellow fever: an illness caused by a virus 
and spread by mosquitoes that presents 
with fever, nausea and pain

Insecticide: substance used to kill insects

p09
Larvae: insects at a stage of growth, in 
which they are wingless and hatch from an 
egg

p21
Physiotherapists: professionals who 
develop and maintain health and 
movement in the body

p37
Canidae: a biological family of mammals, 
including wolves, foxes, jackals, dogs and 
coyotes, which live in groups

41

GLOSSARY 
OF TERMS

Notes
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Cover artwork 
by Somesh 
Kumar 

Vol. 01  |  Issue 06  |  June 2012

Editor & Art Director
Vinayak Varma
vinayak@bwmag.in

Dear Reader,

What’s with us and dinosaurs? If you think about 
how truly distant we are from these ancient 
creatures, our obsession can seem slightly mad. 

Humans have been around on this planet for the past 
200,000 years (that’s almost a hundred times longer than 
between now and the dawn of Christianity). Feels like an 
age and a half? Not if you’re Tyrannosaurus Rex, whose 
ancestors fi rst appeared on this world 230,000,000 years 
ago. That’s a more than a thousand times longer than the 
entire lifespan of the human race. And dinos disappeared 
65,000,000 years ago. That’s a million times longer than 
your grandpa’s been around.

But these endless, rippling oceans of time separating 
us from Earth’s former custodians have only sharpened 
our fascination for these primeval monsters. We’ve 
dug up their bones, analysed them, reassembled them, 
and imagined their world in incredible detail. We’ve 
fantasised about bringing them back to life, and we’ve 
even made movies of these fantasies. If this doesn’t seem 
like a certain madness to you, well, then you must be a 
palaeontologist.

Meanwhile, the two living survivors of the age of 
dinosaurs — crocodiles and birds — have been silently 
watching, chronicling the human reign over of the planet 
they once ruled, waiting, perhaps, for us to slip up so they 
can return to power. In this issue of Brainwave, we follow 
these modern dinosaurs into their hot, swampy Paleo 
Planet, and fi nd out what intel they’ve gathered. 

Onward, then!
                                                    Scientifi cally,
                                                    Vinayak

  vinayak@bwmag.in
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“You're not allowed to call them 
dinosaurs anymore," said Yo-less. 
"It's speciesist. You have to call 
them pre-petroleum persons.” 
Terry Pratchett

Q: How do you ask a tyrannosaur 
out to lunch?
A: "Tea, Rex?" 

The dinosaurs disappeared 
because they could not adapt 
to their changing environment. 
We shall disappear if we cannot 
adapt to an environment that now 
contains spaceships, computers — 
and thermonuclear weapons.
Arthur C. Clarke

THERE’S 
MORE THAN 
ONE WAY 
TO GET A 
BRAINWAVE!
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ONE WAY ONE WAY 
TO GET A TO GET A 
BRAINWAVE!BRAINWAVE!
Now you can read all your favourite issues of 
Brainwave on your browser, Android/Apple 
devices and Amazon e-readers. 
Visit goo.gl/aR7Ny to fi nd out how!

Brainwave June 2012 Issue 06 .indd   5Brainwave June 2012 Issue 06 .indd   5 5/14/2012   11:09:06 AM5/14/2012   11:09:06 AM



Wo

COVER 
STORY

PALEO
PLANET

CONTENTS

In which dredge up the 
remains of monster 
dinos, gigantic bugs, 
primitive birds and 
killer reptiles that once 
roamed the Earth

Vol. 01  |  Issue 06  |  June 2012
™

13

04

Brainwave June 2012 Issue 06 .indd   6Brainwave June 2012 Issue 06 .indd   6 5/14/2012   11:09:06 AM5/14/2012   11:09:06 AM



Words tagged with a G are explained in the Glossary at the end of the magazine.

Here's How p.17

Toybox
p.09

Cut Paste 
p.07

Photo Feature p.30

Shoebox
p.38

Exclusive 
Interview

p.14

DIY
p.24

The Smarties
p.22

Multiverse p.28

Subscription 
Form 
p.39

Reader 
Submission

p.10

History Maker p.12

Nuts & Dolts 
p.20

Cross Section 
p.21

Ask Us Why p.06

SF p.32

Second Nature p.36

e 

June 2012 05

Brainwave June 2012 Issue 06 .indd   7Brainwave June 2012 Issue 06 .indd   7 5/14/2012   11:09:09 AM5/14/2012   11:09:09 AM



In 
sc
Ca
ch
to 
it i
(1
th
re
of
ru
to 
rad
fi e
an
we
Ca
to 
So

He
did
Th
fo
in 
ne
th
an
UK
are
att
rat
ot
wh
vo
th
in.
nu
gr
so
th
wo
fo
via

ASK US 
WHY

We’ve all seen geckos 
(the sort of lizard 
found in our homes) 

scamper across walls and 
ceilings as if gravity doesn’t 
exist. They happily do the 
same on slippery glass 
surfaces, which you and 
I would struggle to walk 
upright on. How geckos 
managed to do this remained 
a mystery until about ten 
years back, when Dr Kellar 
Autumn and his team of 
scientists discovered that 
these lizards use a unique 
adhesive to hang on to almost 
any surface.

Ranjani S from Chennai 
asks, “How do lizards 
climb walls and walk on 
ceilings?”

by Srinath Perur

Scientists found that the 
gecko has millions of tiny 
hair-like structures on each 
toe. Each of these foot-hairs 
is attracted to the surface 
the lizard is climbing on 
by something called the 
‘van der Waals force’ – a 
weak interaction between 
atoms of the two substances. 
Though this force is weak, 
the large number of hair-like 

structures on the lizard’s foot 
allows it to hold on to any 
surface with just a single toe.

But if this adhesive is so 
strong, then how does a 
lizard get its foot off a wall? 
It turns out that these foot-
hairs can peel off easily at a 
certain angle, allowing the 
lizard to scurry about. The 
system is self-cleaning and 
will even work under water 
and in vacuum. There’s a 
good chance that the next 
generation of adhesives will 
be inspired by lizard feet! 

The 

Spectacular 

Gecko 

Walk

Sticky Tale
We at Brainwave had a related 
question. The story goes that 
one of king Shivaji’s soldiers 
managed to climb a sheer 
fort wall by hanging from a 
rope tied to a monitor lizard. 
(Monitor lizards are diff erent 
from geckos and can grow up to 
six feet in length.) Was such a 
feat possible at all? We decided 
to ask Dr Autumn, the leading 
expert on lizard-climbing. He 
replied: “Monitor lizards do not 
have sticky toes. They climb 
using claws. My colleagues and 
I developed a gecko-inspired 
robot called RiSE. It climbs 
using sticky pads and also by 
using claws. So such a thing is 
indeed possible!”
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In March 2012, a group of high 
school students from Bishop, 
California, strapped a rubber
chicken attached with sensors 
to a helium balloon and sent 
it into the stratosphereG 
(120,000 feet) during one of 
the strongest solar stormsG 
recorded since 2003. The idea 
of dispatching Camilla, as the 
rubber bird was named, was 
to measure the high levels of 
radiation unleashed during the 
fi ery Sun storm. Seven insects 
and two dozen sunfl ower seeds 
were also sent along with 
Camilla. (FYI: Camilla happens 
to be the mascot of NASA's 
Solar Dynamic Observatory.) 

Looks like life for dinosaurs 
wasn't all hunky-dory. 
According to a report in Current 
Biology, Chinese scientists 
have discovered fossils of 
fl ea-like organisms (10 times 
bigger than the current 
ones) that allegedly plagued 
dinosaurs. The fossils of two 
new giant fl ea species – the 
Pseudopulex jurassicus and the 
Pseudopulex magnus – were 
recently uncovered in Mongolia. 

Camilla up in the stratosphere; image by NASA

Illustration of the fl ea-like insect 
that was supposed to have plagued 
dinosaurs; image by Capital Normal 
University, Beijing,China; photo from 
www.livescience.com

Here’s something we bet you 
didn’t know about caterpillars. 
They throw up semi-digested 
food all over their predators 
in an act of self-defence. But a 
new study by researchers from 
the University of Liverpool 
and the University of Bristol in 
UK has found that caterpillars 
are more likely to vomit on 
attackers when they are alone 
rather than in the company of 
other caterpillars. They decide 
whether or not they want to 
vomit depending on the size of 
the group they are hanging out 
in. Why? Because the larger the 
number of caterpillars in the 
group, the more likely it is that 
someone else will throw up on 
the predator fi rst. A caterpillar 
would rather conserve its puke 
for a one-on-one encounter. 
via Ecology Letters

Cooking Rubber Chicken

Jurassic Bugs

The students modifi ed a lunch 
box to carry four cameras, a 
cryogenicG thermometer and 
two GPS trackers to record 
data. The recordings suggest 
that the solar storm, which 
peaked between March 7th 
and 10th, 2012, leaked enough 
charged particles into the 
upper atmosphere to power 
every home in New York City 
for two years! The group is now 
planning to plant the sunfl ower 
seeds that went on the hot air 
balloon ride to see how the 
fl owers turn out. via NASA's Solar 
Dynamics Observatory

Puke Attack

The fossils reveal that the 
bloodsucking paleo-pests had 
long claws, probably to reach 
over the scales on a dinosaur 
and serrated mouths which 
let them pierce thick hides. 
In his commentary in Current 
Biology, ancient insect expert 
George Poinar Jr., a professor 
emeritus of zoology at Oregon 
State University in the US, says 
that these Jurassic bugs are the 
ancestors of modern fl eas and 
has compared their bites to the 
prick of a hypodermicG needle.
via Current Biology
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Just as our bodies have white 
blood cells to protect us from 
foreign bodies, plants too have 
an immune system. Most plants 
contain a hormoneG called 
jasmonate. When released, it 
activates the plant’s defences 
against insects that feed on it. 
Scientists from Rice University, 
USA, found that the hormone 
is released when plants are 
touched by humans, animals or 
the wind.  via Current Biology

A new census of Emperor 
Penguins in Antarctica using 
satellite mapping technology 
has revealed that there are 
5,95,000 birds, which is twice 
the earlier recorded fi gure. The 
trademark black-and-white 
skin of the Emperor Penguin 
stands out against the snow, 
making its colonies clearly 
visible on satellite imagery. 
Taking pictures from satellites 
orbiting in space is turning 
out to be an easy, accurate 
and non-intrusive method to 
track various species in the 
Antarctic. This especially works 
in inhospitable regions where 
researchers cannot travel. 
via PLoS ONE

Engineers the world over have 
spent years trying to come up 
with the simplest collapsible 
3D structure. Researchers at 

Emperor Penguins in Antarctica; photo by Paul Ponganis, National Science Foundation

Plant WarfareCounting Penguins the Massachusetts Institute 
of Technology and Harvard 
University in the US have 
now developed one that is 
inspired by Twist-O, a spherical 
and collapsible toy. Called 
‘buckliball’ (after similarly-
shaped carbon molecules 
called buckyballs), this dynamic 
invention is a hollow structure 
made of soft rubber with 24 
dimples. When the air is drawn 
out of the buckliball, the parts 
linking the dimples collapse 
inwards, reducing its size by 
46%. via Proceedings of the 
National Academy of Sciences3D Play

08

Brainwave June 2012 Issue 06 .indd   10Brainwave June 2012 Issue 06 .indd   10 5/14/2012   11:09:16 AM5/14/2012   11:09:16 AM



TOY
BOX

You will need:
A big, empty plastic bottle
A balloon
A straw
Scissors

2. Make a small hole close to 
the base of the bottle with 
scissors.

1. Place a balloon in a bottle. 
Fix it in place by stretching 
the mouth of the balloon 
over the mouth of the bottle.

3. Fit a straw into the hole. You 
can also seal it by applying 
glue around the straw.

4. Now, suck air through the 
straw.

What do you notice?
The balloon infl ates! As you 
suck air through the straw, a 
vacuum is created inside the 
bottle. Air from outside the 
bottle rushes in to fi ll it. This 
air also fi lls the balloon and 
infl ates it. 

Method

Self-Infl ating Balloon

Artw
ork: Adarsh Achari

by Arvind Gupta
(www.arvindguptatoys.com) 

Now Try This
Remove the straw from the 
hole. Blow into the mouth 
of the bottle to infl ate the 
balloon. While it’s infl ated, seal 
the hole by sticking a piece of 
tape over it. Then, leave the 
mouth of the bottle open. What 
do you see? The balloon will 
remain infl ated! Why does this 
happen? And what happens 
when you blow into the straw? 
Try this out and send us your 
answers at brainwave@ack-
media.com. 
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READER
SUBMISSION

All about my trip to 
the Agumbe Rainforest 
Research Station

Birds, 
Bugs 
and 
Dracos

by Elena Grace McCullough

Last year, I entered a 
Brainwave contest 
about why I wanted 

to become a conservationist 
when I grow up. As a prize, 
I won a trip to the Agumbe 
Rainforest Research Station 
(ARRS)! In February 2012, I 
visited the ARRS, which is 
located in the Western Ghats, 
along with my dad. 

We slept in a little cottage 
that used solar power. It was 
very dark and peaceful at 
night. The food was good 
and it was nice to hear 
more than just traffi c noises 

for a change. Instead, we 
heard cicadas and the Great 
Hornbill. At ARRS, I also 
learned more about what 
conservationists do. They 
really do love animals and 
plants. I had such a great 
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t 

time that when I grow up, I 
want to help the wildlife too!

Bird Walk
We went on a bird walk, and 
saw a kestrel, a small bird of 
prey, and the Racket-tailed 
Drongo. It mimics the cries 
of various birds of prey to 
trick other birds into fl ying 
away. We saw a kestrel chase 
a little bird, but the little bird 
got away. I also saw sunbirds, 
a Yellow-browed Bulbul, a 
pond heron and an egret. 

Night Walk
I also went on a night 
walk. We saw a small 
tarantula, scorpion holes, 
skinks and stick insects. 
The stars were beautiful 
because there was only the 
moon for light. I even saw 
some constellations. I was 
scared during the night 
walk though, because my 
fl ashlight was not much help, 
and I was afraid that a snake 
would pop out of the dark. 
But that didn’t happen. 

The Stream
My favourite place was the 
stream near the research 
station. I walked along the 
bank, climbed on the rocks, 
watched the tadpoles, frogs 
and water striders, and 
admired how beautiful it all 
was. I loved how peaceful 
it was there and went back 
many times. 

At ARRS
As I didn’t go to Agumbe 
during the monsoon, I did 

not get to see any snakes. 
But I spotted Draco lizards 
or fl ying lizards in the areca 
nut trees at ARRS! They live 
up in trees and glide from 
tree to tree. The male was 

Dracos glide from tree to tree using their extra skin-like wings.

gs.

dewlapping (displaying his 
dewlap), but I wish I had seen 
him glide too. I learned a lot 
at ARRS and I am glad I had 
the opportunity to go. I think 
you should go too! 

A kestrel is a small bird of prey.

Photographs: D
an M

cCullough
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CROC TALES

by Siddharth Rao

A chat with Romulus 
Whitaker, one of India’s 
biggest croc experts

Rom Whitaker is one 
of India’s leading 
herpetologists and 

wildlife conservationists. 
He has spent a lifetime 
researching and 
understanding the natural 
world. A large part of his 
work includes setting up 
research stations across the 
country to conserve wildlife. 
Rom has helped start and 
run the Madras Crocodile 
Bank Trust, the Agumbe 
Rainforest Research Station 
and the Andaman and 
Nicobar Environment Team. 
He has also won several 
awards for his conservation 
work, such as the Whitley 
Fund for Nature and the 
Rolex Award for Enterprise. 
An Emmy award-winning 

wildlife documentary maker, 
Rom currently lives on a 
farm near Madras. He spoke 
to Brainwave about his 
fascination for crocodiles 
and his work with them 
over the past four decades. 
Here are excerpts from our 
conversation.

What is special about 
crocodiles that got you so 
interested in them?
Like many small boys, I was 
fascinated by dinosaurs when 
I was very young. Growing 
up and working with reptiles, 
it became obvious that 

crocodiles are really like 
living dinosaurs and the 
fascination remained. Crocs 
are intelligent reptiles that 
see, hear and smell very well. 
True, they are potentially 
dangerous, but they are 
innocent. And like all wild 
predators, they are only 
doing what comes to them 
naturally.

Crocodiles are usually 
perceived as aggressive 
animals. In your experience, is 
this how they seem?
Humans seem to be much 
more aggressive than 
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crocodiles. We kill millions 
of our fellow humans each 
year. In my experience, 
crocs generally prefer to 
avoid humans. Though, of 
course, some of them fi nd out 
how easy it is to catch and 
eat humans. But this is not 
aggression: it’s just called 
fi lling the belly.

Why is it important to 
conserve these reptiles?
Crocodiles deserve to live 
on the planet just like any 
creature does. They are very 
important predators, killing 
weak and sick animals, 
thereby raising the quality 
of genes. Crocodiles are also 
effi cient scavengers and help 
clean waterways by clearing 
up the carcasses of dead 
creatures.

In your documentary Supersize 
Crocs, you look for the world’s 
largest crocodile. Can you tell 
us about this expedition?
While making Supersize 
Crocs, we got to visit 
Africa, India, Australia and 
America. In Australia, I had 
the pleasure of snorkelling 
in freshwater streams and 
ended up catching what is 
possibly the smallest species 
of crocodile in the world! I 
surveyed some croc rivers 
in a small helicopter, and 
once, we were just above a 
huge saltwater crocodile who 

sloshed his way through the 
thick mud and into the river. 
In Ethiopia, our boat bumped 
into a hippo who wasn’t too 
pleased with us. We also 
managed to measure one 
Nile croc who was over 18ft 
long!   

You've helped set up The 
Madras Crocodile Bank Trust 
(MCBT), which is dedicated 
to saving crocodiles. Can 
you tell us more about the 
organisation's work? 
The Madras Crocodile Bank 
was set up at a time when 
the three Indian crocodile 
species – the gharial, mugger 
and saltwater croc – were 
on the verge of extinction. 
So the intention was to 
set up captive breeding 
groups of the three species 

... some of them fi nd out 
how easy it is to catch and 
eat humans. But this is not 
aggression: it’s just called 
fi lling the belly.

Photographs: Siddharth Rao

A mugger in the wild
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crocodile habitats without 
any problems. It’s just a 
question of understanding 
how to live with crocs, 
without getting in trouble. 
The problem arises when 
crocs have been eliminated 
from a place and then make a 
comeback. The people there 
may have forgotten how to 
be careful when going down 
to the river or lake to fetch 
water, bathe or catch fi sh.

How can young people help 
conserve India’s crocodiles?  
Being aware of what is 
happening to crocodiles, 

and indeed all aquatic life 
in India, is a fi rst important 
step. Some of you young 
people will be getting 
into important jobs in the 
industrial sector and in the 
government, where you will 
be able to make a difference 
in how we manage and look 
after our water resources. 
Doing a good job for our 
rivers, lakes and estuaries 
means that crocs, fi sh, water 
birds and all aquatic life will 
benefi t (and we will too!). 

and reintroduce them into 
the wild to build up their 
populations. Well, we have 
succeeded and bred several 
thousand of these three 
species. Now, the MCBT is 
setting up breeding groups 
of 15 more crocodile species 
from different parts of the 
world, some of them highly 
endangered. 

Do you feel it is possible 
for people and crocs to live 
alongside each other without 
confl ict? 
There are plenty of people 
who live in and around 

A dwarf Caiman
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Meet Gustave, the Killer Crocodile. 
The fi erceness of his reputation 
(Gustave has allegedly snacked 

on 300 people) is only matched by the 
sharpness of his teeth and the giganticness 
of his proportions. People shoot at him, 
pursue him and call him a serial killer, 
but Gustave has made a comfortable life 
for himself as one of Africa’s largest and 
deadliest man-eaters. When we caught up 
with the giant Nile crocodile at his river 
home in Lake Tanganyika in Burundi, 
Africa, he looked quite jolly, as he lay on 
a hammock and was waited on by a local 
monkey, Abdul. We chatted with him 
about his life, ancestors, food preferences 
and overall bad-boy image. Here are the 
highlights of our conversation.
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An exclusive interview with one of the 
largest and scariest descendants of 
the crocodilia family

by Alby and Arby
On assignment for Brainwave Labs

Close 
Encounters 
in Burundi
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Alby: Let’s start with the 
obvious, Gustave. You’re 
huge! How does it feel?

Gustave: I’m almost 70 
years old and 20ft tall, er… 
long. I weigh about a 1000kg. 
It’s not as bright and happy 
as it’s made out to be, but I’d 
be lying if I said I didn’t have 
it better than most. I mean, 
people fear me. Rumours 
about my size and hunting 
habits have made me famous 
in your world. They’ve even 
made a movie about me: 
Primeval (I’m not that evil, 
of course, but it's still pretty 
cool!). And unlike that silly 
fellow King Kong, everyone 
knows I’m a real monster, 
and you can bump into me 
in any muddy swamp in 
Burundi. Hehehe…

Arby (clutching his 
notebook a little tighter): 
Ahem. They say that your 
size is similar to that of your 
ancestors. Could you tell us a 
little about your lineage?

G: Why don’t I give you a 
grand tour of my ancestral 
wall? This here is Archosaur. 
He was the great common 
ancestor. It was from him 
that the bloodline branched 
off into crocs and birds.
This is Crocodylomorpha. 
He was small, quick and 
very active. So it would 
surprise you to know who his 
descendant was. My personal 
hero and the star of our 
family: name’s Sarcosuchus, 
but we call him Supercroc! 

Epilogue: Since our meeting, 
Gustave still lurks in the Ruzizi 
River, snapping up unsuspecting 
villagers. Patrice Faye continues 
to pursue Gustave in the hope of 
capturing him. Go to http://goo.
gl/0uKcg for more on the story. 

Text: Aparna Kapur; A
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Can you imagine how 
enormous he was? Picture 
a city bus with a head and 
a tail. That would be my 
great-grand uncle! Next, 
meet Eusuchia. From her, we 
learned to breathe with our 
head submerged. Awesome 
way to sneak up on people! 
And this is Crocodilia, my 
dad.

Alby: How often do you 
interact with the local 
people? How do they come 
across to you?

G: Delicious! Haha, I kid, 
of course. But you have to 
understand – people can 

call me names and shoot 
me, but it’s not personal. 
You see, because of my large 
proportions, I can’t go after 
fi sh, nor do they satisfy 
my appetite. I have to eat 
something that’s big and easy 
to catch. And so I consume 
humans. That’s not to say 
that they don’t make for a 
yummy meal, you know what 
I mean? Their slurpy guts 
and gooey grey matter…

Arby: Stop! That’ll do, thank 
you. Finally, what are your 
thoughts on crocodile expert 
Patrice Faye who’s been on 
your trail since 1998?

G: What can I say? He 
named me. He tracked me. 
He hunted me. He failed, 
of course. But he’s my true 
nemesis. He is relentless and 
focused, and I must admit 
that he has given me a fright 
on a couple of occasions. But 
I like the challenge – makes 
me think up new ways of 
becoming more elusive 
and diffi cult to get rid of. I 
hear he’s tracking me now, 
following my movements 
and the people I kill. Looks 
like things are going to get 
interesting… 

Archosaur

Crocodylomorpha

Eusuchia

Crocodilia

Gustave

Sarcosuchus (Supercroc)
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by Aparna Kapur & 
Somesh Kumar

NUTS AND 
DOLTS
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CROSS
SECTION

Send us your completed crosswords and give us your feedback! Write to brainwave@ack-media.com. 
See the solutions to the May crossword ‘Lanes & Junctions’ at www.bwmag.in/solution-lanes-and-junctions.

Digging up the Dead
D

M

ACROSS
1. ____saurus Rex: the most fearsome of the 

dinosaurs (7)
4. ____navis or 'cloud bird': a small feathered 

dinosaur (4)
7. Rajasaurus narmadensis was discovered in 

this country. (5)
8. Reptile that lived with dinosaurs, and still 

exists, abbr. (4)
10. All the 'ceratops' have this on their heads (4)
12. ____saurus: herbivorous dinosaur with 

armoured plates on its back (5)
15. ____onyx: carnivorous dinosaur with heavy 

hook-like claw (4)
16. A spinosaur discovered in Brazil in 2011 (7)

DOWN
1. ___assic Period: the beginning of the Age of 

the Dinosaurs (3)
2. Raptor ____: a dinosaur novel by 

palaeontologist Robert T Bakker (3)
3. _____mimus: bird-like dinosaur, similar to 

an ostrich (7)
5. ___raptor, also known as 'egg thief' (3)
6. Prefi x that means 'before' (3)
7. _____saurs: dolphin-like reptiles that lived 

in the sea (7)
9. A long and distinct period of time (3)
11. Thin membrane between the toes of a 

crocodile (3)
13. Million years ago, abbr. (3)
14. To clone a dinosaur, you would need this (3)

by Veena Prasad

Easy

Medium

Diffi  cult

E
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“It was natural selection!” 
said Alby, his voice 
starting to rise. “Times 

changed, and they all died 
out slowly because they just 
couldn’t keep up! The same 
way your feeble intellect can’t 
keep up with my awesome 
logic!”

Bhoo flew up into the air, her 
fiery left arm crackling with 
anger. “Look at the facts, you 
buffoon! Luis Alvarez proved 
that there was lots of iridium 
in the Paleocene layer of the 
Earth’s crust. And that much 
iridium could only have come 
from space! Meaning: dinos 
vs. giant asteroid. Guess who 
won?”

“Your conclusion is, er, 
inconclusive!” Alby shouted.

“The only inconclusive thing 
around here is any evidence 
of you having a brain! And 
I’ve got a good mind to split 
your head open to find out!” 
screamed Bhoo.

Alby stepped back and took a 
deep breath. “Gulp. Look, er, 
there’s no need for violence. 
All I’m saying is that there are 
other factors to, er...”

“why this kolaveri?!” said 
a voice that boomed up the 
stairway and into the dining 
cave. A monstrous shadow 
followed the voice, slowly 
twisting up the steps towards 
them. Alby dove under the 
table in fright, and Bhoo 
turned invisible. The dark 
mass grew smaller now, 
splitting up and solidifying 
into three familiar shapes.

“What are you geniuses 
arguing about this time?” 
asked Skree!!, just returned 
from the village with an 
armload of mangoes. On her 
heels came Dr Dodo and Arby, 
carrying baskets of puliogare 
rice and vadas.
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Dino
Deathmatch
Deep under the Dolphin's 
Nose Promontory, in 
the dark caverns of 
Brainwave Lab, lunch 
time had turned into 
punch time.

Alby ran out from under the 
table. “Oh, you’re right on 
time! A minute later and Bhoo 
would’ve killed me!”

“The little twerp exaggerates 
everything,” said Bhoo.

“Okay, relax. So what’s this 
fight about?” asked Arby.

“Dinosaur extinction!” said 
Bhoo. “Silly Alby here says 
that they died of boredom, 
from not having any good 
magazines to read.”

“That’s not what I said! I said 
that it was a combination 
of...”

“Er, I’m sorry, what are 
dinosaurs?” asked Arby.

“I keep forgetting what era 
you’re from,” said Alby. 
“Dinosaurs were reptilian 
creatures that ruled the 
Earth for nearly 130 million 
years. Until 65 million years 
ago, when they disappeared 
in what scientists call the 
Cretaceous-Paleocene 
extinction event. Event, it 

by Vinayak Varma
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vegetarian dinosaurs were 
dying out because global 
warming filled the Earth with 
flowering plants, instead of 
the non-flowering ones that 
they liked to eat. And these 
veggie dinos also farted tons 
of methane gas into the air 
daily, leading to climate 
change, and, and...”

“Dino farts!” said Bhoo. 
“Bwahahahaha! Dino farts 
caused global warming, he 
says! Is it any wonder that no 
one takes little Mr. Einstein 
here seriously?”

“I’m hungry!” yelled Skree!! 
“And if you both keep 
arguing, there’s going to be a 
brand new extinction event 
right here! Can we eat lunch 

seems! As if! Nothing so 
major happens so quickly!”

“Wrong!” said Bhoo. “It was 
a single event! They died 
when a massive asteroid hit 
the Earth, causing tsunamis, 
raising a giant cloud of dust, 
blocking out the Sun, cooling 
the planet and eventually 
wiping out much of the life 
on it.”

“Here we go again,” said 
Alby, sighing. “It happened 
over many millennia, not 
suddenly like in some stupid 
Hollywood disaster movie. 
That asteroid was only 
part of the problem! much 
before that, the mammals 
came and started eating 
dinosaur eggs. And the huge 
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while it’s still hot and discuss 
this later?”

“Yes, I’m ravenous,” said Dr 
Dodo.

“No you’re not. You’re dodo-
ous,” said Arby, chortling. 
“You’re not a raven, so you 
can’t be ravenous, you silly 
bird!”

“That joke wasn’t funny 
the first time you cracked 
it either, young Aryabhata,” 
said Dr Dodo.

“I think,” said Bhoo, looking 
at Alby meaningfully, “that 
there’s only one way to settle 
this.”

“Are you thinking what I’m 
thinking?” asked Alby.

“Yes! Let’s take the Galileo 1, 
travel back to the Cretaceous 
period and find out for 
ourselves!”

“Out of the question!” said Dr 
Dodo.

“But why?” they whined 
collectively.

“I have three simple reasons.” 

Bewildered? New to Brainwave? Get to know the Smarties at www.bwmag.in.

There’s more! Read the rest of this 
story at www.bwmag.in/smarties! 
And pssst! There’s a contest 
waiting for you there!
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Dinosaur
Dig Site

Step 1

Step 2

Step 3Step 1

Fill a plastic container with wet mud. 

Step 2

Find some pictures 
of dinosaur bones 
on the internet or 
in a book.

p

Use white M-Seal to model the bones*. 
Put in as much detail as you can, 
especially little cracks and scratches.

*This is an optional step. You can work 
only with toys if you so prefer.

Want to try your hand at digging through a 
dinosaur excavation site? No one will let you 
near one till you get some practice!

In this month’s DIY, we’ll build a replica dig site 

show you how to make those if you have the 
patience for it).

You will need:
A bunch of toy plastic dinosaurs, white M-Seal 

lunch box will do)

p y ttle cracks and scratches.

*This is an optional step. You can work 

DO IT
YOURSELF

by Chaitanya Krishnan
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Step 4 Step 6

Step 5

Pack toy dinosaurs and fake bones in the wet mud. Make sure you pack it nice and tight so that the mud goes into all the cracks and crevices.

Step 6

Leave it in the Sun for a few days till it’s 

baked solid. Now remove the toys and 

bones from the box and excavate!

Bury them all in the plastic container 

full of wet mud.full of wet mud.

the cracks and crevices.
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The Velociraptor was 
well-camoufl agedG

behind the ferns. He 
was stealthily moving towards 
his prey, a large unsuspecting 
Protoceratops. She was 
guarding her eggs from those 
sneaky Oviraptors – “egg 
thieves”, she called them. 
Just turn away for a second 
and they would dip their ugly 
snouts into the nest and break 
open the eggs. She relaxed for 
a bit. No Oviraptors around 
today. She wondered what 
had scared them away. 

The answer was now fi ve 
feet behind her, preparing 
to aim a powerful kick that 
would incapacitate her. 
The Protoceratops turned 
around just in time. The kick 
caught her pelvis and the 
Velociraptor’s sharp claw tore 
through her fl esh. Luckily 
for her, the claws didn’t sink 
in. She charged at her enemy 
taking him head-on. Just as 

she made a courageous lunge, 
the Velociraptor lashed out, 
digging his deadly claws into 
her neck. The Protoceratops 
still had a bit of fi ght left in 
her. She twisted painfully and 
bit the Velociraptor’s arm off. 

The fi ghters were bleeding 
profusely, but neither let go. 
With a mighty crash they fell, 
still holding each other in 
tight grip. 
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Fly Dino, 
Fly!An epic story of warring 

dinosaurs, meteor strikes 
and fossil hunters

“And that is how the fossils 
were found – Velociraptor 
locked with the Protoceratops 
– 80 million years after 
this epic battle took place,” 
explained Ravi to his 
audience comprising a stuffed 
monkey and assorted cars.

Ravi was travelling to a 
place called Rahioli, where 
scientists had found the 
fossilised remains of a 

by Veena Prasad
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Earth became a cold and dark 
place. Most of the plants and 
animals died. Large animals 
that needed tons of food 
everyday simply could not 
fi nd any, and they died too,” 
the professor explained. 

a lot of discovering to do,” 
said Prof. Dharam cheerfully. 
“If you have the patience to 
keep looking!” 

“Why aren’t there any 
dinosaurs roaming around 
today?” asked Ravi. 

“Scientists believe that a 
giant meteorG hit the Earth 65 
million years ago, causing an 
enormous explosion. A huge 
cloud of dust and ash covered 
the planet for years, blocking 
out the Sun completely. The 

dinosaur that they called 
Rajasaurus narmadensis. Ravi 
was excited. He had been 
dreaming of becoming the 
youngest discoverer of a new 
species of dinosaur. 

At the site, Ravi and his 
parents joined Professor 
Dharam, a palaeontologist. 
The professor was passing 
sand through a sieve. Ravi 
watched as all the sand 
passed through, and nothing 
of interest remained. The 
professor put more sand on 
the sieve. Still nothing. Ravi 
watched him do this fi ve 
times before he got bored. 
He walked over to another 
scientist who was dusting off 
an interesting looking object. 
“Oh! He’s found a fossil,” 
thought Ravi excitedly. After 
ten minutes of delicate 
dusting, the scientist ruefully 
looked at Ravi and said, “Just 
a stone, I’m afraid. No fossil.” 
He shrugged and started 
digging again with a small 
pickaxe.

Prof. Dharam smiled. 
“Finding dinosaurs needs a 
lot of hard work and patience.
Rajasaurus took twenty 
years to piece together!” he 
remarked.

Ravi learnt that just two years 
ago, palaeontologists had 
discovered a new species of 
dinosaur at this site, called 
Rahiolisaurus. “Oh! Someone 
beat me to it,” he grumbled. 
“Don’t lose heart, there’s still 
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“But mammals and birds and 
crocodiles survived, right?”

“A few of them, yes. But 
most of them died along 
with the dinosaurs. About 
70% of all life on Earth 
was gone! Animals that 
lived in freshwater, such 
as crocodiles and turtles, 
survived. So did the birds. 
Scientists are still trying to 
fi nd out how.”

“Some say the dinosaurs 
became birds and fl ew away,” 
ventured Ravi doubtfully. 
Prof. Dharam chuckled. 
“Well, they didn’t turn into 
birds overnight. Small 
feathered dinosaurs may 
have evolved into birds over 
thousands of years. They 
probably had bigger brains 
than the other dinosaurs, 
which helped them fi nd food 
in clever ways and survive.” 

Ravi let this sink in. “Could 
another meteor hit us 
anytime soon?” 

Prof. Dharam shrugged. “No 
one knows! We can’t control 
whizzing objects in space, and 
so yes, it’s possible. But before 
that happens, I intend to fi nd 
out everything I can about 
what’s buried in here!” he 
declared, pointing to the dig. 

Ravi looked into the sand and 
saw something sharp glint. He 
bent down for a closer look. 
Could it really be a dinosaur 
claw? 
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MULTI
VERSE

Since the 11th 
century CE, the Tower 
of London has been a 
symbol of the British 
monarchy and a rather 
strong tourist magnet.

In the 1600s, wild 
ravens hung out 
frequently at the 
Tower prison to 
feed on the 
grisly remains 
of executed 
criminals.

MAYBE 

YOUR OBSERVATORY 

SHOULD GO INSTEAD 

of the birds.

King Charles 
II was really 

superstitious about 
them.

nevermore!

To this day, 
six Ravens 
(and one 

spare) always 
live at 

the Tower, 
appointed as 

soldiers of the 
Kingdom.

john flamsteed,
royal astronomer

king charles II
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To be cont inued . . .

As a Tower Raven, you shall have the 
best of food, a lifetime guarantee of 
housing, top-class medical care, life 

insurance, 200-channel TV, personalised 
leg bands in a colour of your choice, 
and first pickings at the next public 
execution. In return, her Majesty 

needs your flight feathers.

This bit!

The birds are 
cared for by 
a dedicated 
Ravenmaster.

Ravens may 
be dismissed 

from service for 
disappointing 

behaviour, like 
eating TV 
aerials.

But then, 
dismissal 
isn't the 

worst thing 
that can 
happen 
to these 
Ravens.

Raven 

Charlie, 

bit a dog 

who bit 

back.
Raven 

mabel, 

kidnapped 

for no 

ransom.

Raven 

Grog, 

missing: 

last seen at 

the nearby 

pub.

Nobody really 
wants to 

know what 
happens if all 
the Ravens 
are removed 
from the 

Tower. The 
only one who 
tried ended up 
being fed to 

them!

derek coyle,
ravenmaster
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Purple Sunbird 
(Cinnyris asiaticus): The Purple 
Sunbird plays a key role in plant 
pollination. When the sunbird 
feeds on the nectar inside a fl ower, 
it inadvertently picks up pollen 
as well. When it moves on to the 
next fl ower, it transfers this pollen, 
helping the plant fertilise. 

Birds in 
the Bush

Pied Kingfi sher 
(Ceryle rudis): The Pied Kingfi sher 
spends a large part of its time 
fl ying low over water bodies, 
hunting fi sh. It hovers over the 
water, and when it spots a fi sh 
below, it dives in and catches it. 

Spot-billed Pelican 
(Pelecanus philippensis): These large water birds nest in trees and live 
in colonies, which keep their young safe. Spot-billed Pelican mainly eat 
fi sh and use their large, expandable throat pouches to catch them. 

by Siddharth Rao

Photos by Siddharth Rao

PHOTO
FEATURE

Step into the colourful, 
adventurous and downright 
amazing world of avians
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Greater Flamingo
(Phoenicopterus roseus): These tall, 
wading birds are found in coastal 
regions with salt water. They stir 
up the mud with their legs, and 
then fi lter the water through their 
bills to collect shrimp, algae and 
microscopic organisms for food.

Eurasian Eagle-Owl 
(Bubo bubo): Birds can camoufl age 
themselves very eff ectively, like 
these two eagle owls. This helps 
them hide from predators as well 
as conceal themselves while 
hunting.

Photos by Siddharth Rao
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YEARS PASSED SINCE THE 
STRANGE EVENTS IN DUNWICH: 
the birth of the hideously deformed Wilbur 
Whateley, the strange nighttime fires, the 
unexplained cattle deaths, the death of 
his grandfather, Jacob Whateley, and the 
disappearance of his mother, Lavinia.

The library at the University of Arkham had 
a strange visitor one evening: a man, more 
than eight feet tall, completely covered from 
head to toe, with only large, pointed, animal-
like ears visible. 

PART 4
Adapted by Sunando C  f rom 
HP Lovecraf t ' s  The Dunwich Horror 
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He made notes, scribbling furiously all the 
while, from a dreaded volume, kept under 
strict lock and key at the library - the 
hide-bound Necronomicon, a book of ancient, 
arcane knowledge written by the mad Arab, 
Abdul Alhazred. Few copies were known to 
exist and the diabolical contents of the book 
were spoken about in hushed whispers among 
scholars of dark rituals.

Dr Henry Armitage, the librarian, 
grew fearful of his strange guest. In 
the past, he had himself read from 
the book and knew what it contained.

‘It should not be thought’, the text ran, ‘that 
man is the oldest or the last of the Earth’s 
masters.’

‘The Old Ones were, are and shall always be. 
They walk still, not in the spaces we know, 
but between them. Yog-Sothoth is the gate. 

Yog-Sothoth is the key and the guardian.’
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‘They shall break through the 
gates again.’

‘The wind bears their 
thoughts and the Earth 
mutters with their voices.’ 

‘They will bend the forests and crush 
the cities. 

Man rules now where they ruled 
once. They shall soon rule where man 
rules now and then, Summer will be 
Winter and Winter, Summer.

They wait, patient, for they will 
reign again.'
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Excuse me sir, Mr Armitage, 
sir, I must take it home, this 

book. there’s things in it 
I must understand, 

conditions that aren’t 
right here for my study. 
Let me take it along sir, 

I’ll take care of it, 
I will.

I’m...I’m sorry, 
But...But, I can't 

allow that. 

CAN'T! 
You can’t allow it! 
Alright then, sir! Alright! 

I shall leave then.
Perhaps the University 
of Harvard shall be 
more forthcoming.

As Dr Armitage watched the grown-
up Wilbur Whateley leave his library, 
accompanied by the frenzied barking of the 
university’s guard dogs, he knew that this 
would not be the last time he would see him. 

TO BE CONTINUED...
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SHOE
BOX

by Radha HS

Souvenir sellers in New 
York do brisk business 
selling post cards of 

Manhattan’s famous skyline, 
built in the late 1800s and 
early 1900s. But there’s 
a much older one – the 
‘Manhattan of the Desert’ or 
the skyline of Shibam – set in 
present-day Yemen, on the old 
spice and incense route. This 
skyline consisted of a walled 
city of over 500 tower houses 
in the 1500s. Each tower rose 
fi ve to eleven storeys and 
each fl oor had an apartment 
occupied by a single family 
(plush, no?!). 

scraping 
the sky

A
rtw

ork: Kruttika Susarla

Even today Shibam is visited 
by tourists wanting to see 
the world’s tallest mudbrick 
buildings.

Why didn’t these brick 
structures grow taller?
Mudbricks tended to be heavy 
and as fl oors were added, the 
walls had to bear the weight 
or load. To do this, walls at 
the bottom had to be super-
thick. This put a limit on how 
high the building could go.

So how was the load problem 
solved?
Steel, its load-bearing 
capacity, and some ingenious 
thinking did the trick, and 
modern skyscrapers began 
to be constructed! By the 
17th century, iron and steel 
technology had improved 
enough for load-bearing 
steel bridges to make an 
appearance in Europe and the 
United States. The same load-
bearing tech was also used 
to construct taller buildings. 
In 1797, the ‘grandfather’ of 
the skyscraper was built in 
Edinburgh. It was 14 storeys 
high with cast ironG columns 
and beams and walls of stone. 

A short history of the 
world’s tallest buildings

In the 1800s, technology 
improved even further and 
steel could be mass-produced 
inexpensively. Architects 
involved in rebuilding a burnt 
down Chicago in the late 
1800s saw the smartness of 
using a steel skeleton (later 
called the Chicago skeleton) 
to hold up the load of a tall 
structure. Brick and glass 
walls sort of ‘hung’ down the 
skeleton!

And so architects broke the 
ceiling on growing vertically. 
Chicago led the race until 
New York took over and the 
Empire State Building crossed 
a hundred fl oors in 1931! 
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p07
Stratosphere: the uppermost layer of the 
atmosphere, which contains the ozone 
layer that absorbs UV radiation from the 
Sun

Solar storm: an explosion of magnetic 
energy in the Sun’s atmosphere

Cryogenic: relating to low temperatures

Hypodermic: of the region immediately 
below the skin

p08
Hormone: substance released in the 
bloodstream that trigger physical reactions 
in the body

p20
Palaeontologist: one who studies 
prehistoric life forms by studying their 
fossils
 
p26
Camoufl age: resemblance of an organism 
to its surroundings to avoid detection

p27
Meteor: a body of matter from outer space 
that burns up on entering the Earth’s 
atmosphere and looks like a fast-moving 
streak of light

p38
Cast iron: a brittle, but strong, alloy of iron, 
carbon and silicon

40
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Dear Reader,

My favourite time of day is dawn, that surreal half-
lit window between sleep and waking, where 
reality and imagination twist and blend into 

one. Strange creatures dwell here, incredible events take 
place, and time travel becomes possible.

The only part of reality that comes close to this waking 
dream, for me, is cinema – particularly science fi ction 
cinema, which can make real what can otherwise exist 
only in imagined places, and drag all kinds of amazing 
futures into the present. Where, but in the future, can 
wars be fought across galaxies, aliens invade, dinosaurs 
be brought back from extinction, robots take over Earth 
or humans take fl ight? Where, but in the mind’s eye, can 
gigantic lovelorn apes use entire cities as their personal 
jungle-jims, gods battle with mythical monsters, or 
animals talk in English? Where else, but in the movies? 
They are our all-too-real magic waking windows.

Down in bw Lab, home of unblinking science and hacker 
logic, what gives us a greater thrill than watching a 
good magic show is taking apart each illusion to fi nd 
out exactly how it’s done. In this new vfx-heavy issue of 
Brainwave, we dismantle dawn’s magic window, unscrew 
the scenes, screens and lucid dreams of our favourite 
cinema, and dig out all their clever mechanical innards. 
And it’s fascinating stuff! Flip ahead for the lowdown.

    Scientifi cally,
                                                    Vinayak

  vinayak@bwmag.in

Lo and behold!
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“When we were growing up and 
saw a Ray Harryhausen movie, 
we were interested in how it was 
done. But thank god we got to 
go through the magic of seeing 
it before we knew how it was 
done. You were able to get this 
beautiful, pure, visceral response 
to something without knowing too 
much about it.” 
Tim Burton

Q: What happened when King Kong 
swallowed Big Ben?
A: He found it time-consuming.

Vo
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Words tagged with a G are explained in the Glossary at the end of the magazine.
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A very rare astronomical event 
occurred between June 5 and 
6: the ‘Transit of Venus’. This 
happens when the planet 
passes directly between the 
Earth and the Sun. If you had 
looked through a telescope or 
eclipse shades on that day, you 
would have seen Venus as a 
black dot against the Sun. The 
event lasted for about six and 
a half hours and astronomy 
enthusiasts around the world 
gathered in observatories to 

When a cockroach is being 
chased across a tabletop and 
reaches the end, it jumps to 
the underside of the table 
and scurries away, quick as 

The path of the 2012 Venus transit; image by NASA/SDO, AIA

A high-defi nition view of the 2012 Venus transit; image by NASA

Images by Mongeau J-M, McRae B, Jusufi  
A, Birkmeyer P, Hoover AM, et al (2012) 

Venus’s Solar Ride

Ninja Roach

CUT
PASTE

lightning. Biophysics students 
from UC Berkley, USA, noticed 
this agile behaviour and 
recorded it. When they played 
it back later, they noticed that 
the cockroach actually grabbed 
the edge of the table with its 
hind legs and did a 180-degree 
fl ip! Researchers and robotics 
experts have now teamed up to 
try and recreate the cockroach’s 
ninja moves on a six-legged 
robot. via PLoS ONE

witness it. Did you observe 
the Venus transit? We hope 
you did, because it won’t be 
going past the Sun for another 
105 years! Tell us about your 
experience at brainwave@ack-
media.com.
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July 20 is earmarked as one 
of the most memorable days 
for humankind. On this day 
in 1969, Apollo 11 landed at 
Tranquility Base on the Moon 
with three astronauts onboard: 
Neil Armstrong, Edwin Aldrin 
and Michael Collins. Armstrong 
then placed his foot on lunar 
surface, becoming the fi rst man 
to ever set foot on the Moon. 
Later, Aldrin joined him and 
the duo stayed back to explore 
lunar terrain for a total of 21 
hours. The team then returned 
to Earth safely after journeying 
through space for eight days. 
This year marks the forty-third 
anniversary of man’s fi rst Moon 
landing.  

Amelia Earhart was the fi rst 
woman to fl y solo across North 
America and, later, across the 
Atlantic Ocean. She wrote 
famous books about her 
experiences and set up an 
organisation for female pilots 
as well. Then Amelia took off  
for a fl ight around the world 
in 1937, and when she was 
passing through Howland 
Island in the Pacifi c Ocean, 
she mysteriously disappeared. 

PhD student Dave Smith and a 
group of mechanical engineers 
and nanotechnologists got 
together to fi gure out the 
solution to a pressing problem 
– how to get ketchup out of a 
bottle! As all ketchup-lovers 
know, the sauce takes ages to 
fl ow out of the container. Smith 
and his team contemplated 
this sticky issue and after two 
months of research came up 
with ‘LiquiGlide’. When this 
material is coated on the inside 
of the bottle, it lubricates it 
and allows the ketchup to slide 
out easily. Also, it leaves no 
residue! via Fast Company

Image by www.liqui-glide.com

Buzz Aldrin on the Moon; image by NASA

Aldrin's footprint on lunar soil; image 
by NASA

Man on the Moon

Calling all Pilots

The Ketchup Fix
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Decades later, people still 
speculate about what may have 
happened to this fearless pilot. 
We celebrate her birthday, July 
24, as Earhart Day.
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ASA

Most of us like solving 
puzzles. But not 
many of us enjoy 

doing maths. Truth is, solving 
maths problems is very 
much like solving a series of 
interlinked puzzles. So here’s 
one that combines geometry 
and the science of chances, 
also known as ‘probability’.

First up, a quick lesson in 
probability. Have you ever 
tossed a coin? No one knows 
for sure whether it will land 
heads up or tails up. But 
suppose we were to fl ip the 
coin over and over again – 
say 100, 10,000 or a billion 
times – it’s likely that it will 
land heads up, half of the 
time. So if the coin is tossed 
1000 times, it will come 
up heads about 500 times. 
(The actual number may be 
502 or 495, but close to 500, 
nevertheless.) There is a 
mathematical way of saying 
this: the probability of a
coin landing heads up when 
tossed, is half.

Our puzzle doesn’t involve 

tossing coins, but breaking a 
stick into three pieces. A stick
which is 30cm long is broken 
at two random points, to get 
three pieces. The lengths of 
the pieces will be random 
as the breaking points are 
random (although the sum 
of the sticks will always add 
up to 30cm). But can the 

The Puzzle of the 
Broken Stick

by Dr Utpal Chattopadhyay /
Curiouscity

Making a triangle: Possible

Making a triangle: Not possible

12

20

8

5

10

5

Get your mind whirring 
with this tricky, sticky 
conundrum

three broken pieces form a 
triangle? The answer: not 
always. For instance, the 
picture above shows two ways 
in which the same stick can 
be broken. While you can 
make a triangle in one case, 
you cannot in the other.

So here’s our question: what 
is the probability of the 
broken pieces forming a
triangle? Hint: when you 
draw a triangle, the sum of 
the lengths of any two sides 
must be equal to or greater 
than the third side. So when 
the stick is broken, the pieces 
must follow this rule. Have 
fun puzzling this over. Break 
a few sticks and look for the 
answer in the next issue of 
Brainwave! 
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ork: Anuranjini Singh

PLUS
MINUS
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TOY
BOX

Moving Pictures
by Arvind Gupta

To make a phantascope, 
you will need:
 Scissors
 Glue
 Compass
 Pen
 Regular paper
 Stiff  paper
 Protractor
 Eraser or a piece of foam
 A pin

1. Using a compass, draw a circle with a four-
inch radius on stiff  paper. Cut the disc out.

4. Cut another circle, with a two-inch radius, 
from a regular sheet of paper. Divide it into 
12 equal sections.

5. 

7. 2. Divide this disc into 12 equal sections, at 
angles of 30 degrees each.

3. Make thin slits, about an inch long, in the 
middle of each section.

Method

Artw
ork: Adarsh Achari
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5. Now, draw a picture in the centre of each 
section. Each picture needs to be similar to 
the previous one and also represent a step 
in a series of actions: a galloping horse or 
a falling drop, for instance. Do try to make 
the fi rst and twelfth images as similar as 
possible. 

6. Stick the smaller paper disc onto the larger 
one, while making sure that their centres are 
aligned. 

7. Take an eraser (or a piece of foam) and 
position it behind the centre of the paper 
disc. Push a pin into the eraser through the 
disc. Your phantascope is ready to use!

Show Time
To view the phantascope, hold it in front of a 
mirror, with the images refl ecting back at you. 
Looking through the slit, rotate the disc and 
watch the moving refl ections. 

How it Works 
A phantascope creates the illusion of movement with a series of 
static pictures. What you’ve basically done is make a twelve-frame 
movie! The reason you see the pictures as continuous motion is 
because of a feature of our brains called ‘persistence of vision’. All 
the images we see remain in the eye for twenty-fi fth of a second. So 
if the next image is displayed within that time, we don’t notice the 
change, and end up perceiving it as continuous movement.

Artw
ork: Adarsh Achari
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with fluid, each one at right 
angles to the other. When we 
move, the fluid moves against 
tiny hair-like sensors, which 
send signals to the brain. The 
signals are combined by the 
brain to figure out the speed 
and direction in which we’re 
moving.

It also combines and 
compares the movement 
signals sent from the eyes 
and ears. And the brain’s 
logic: if the eyes and the 
ears are sending conflicting 
signals about movement, 
then just throw up! This 
mechanism probably 
helped save the lives of 
early humans. If they ate 
something in the forest 
that caused the brain to see 
information weirdly, they’d 
probably eaten something 
poisonous. It then made great 
sense to throw up. But these 
days, our brain just ends 
up embarrassing us. When 
we’re in a moving vehicle, 
the eyes tell the brain that 
the immediate surroundings 
are stationary, but the 
ears report otherwise. The 
result is sometimes a pukey 
mess. Same with spinning 
amusement park rides, 
which leave the fluid in the 
middle ear sloshing around 
wildly.

So if you feel queasy riding in 
a bus or car – start driving. 
Or at least take the front 
seat. Your eyes and ears will 
agree, and you’ll feel much 
more balanced. 

ASK US 
WHY

You’ve probably seen 
passengers in a bus or 
car throw up on curvy 

roads, but never the driver. It 
turns out, this has everything 
to do with how our sense of 
balance works.

Try standing on one leg for a 
minute or so. You can feel the 
muscles in your leg working 
actively to keep you in that 
position. This is one source 
of balance – the muscles, 
tendons and joints send 
signals to the brain, which in 
turn coordinates them. 

Saneera Agarwal  asks, 
“Where does the human 
body’s sense of balance 
come from?”

by Srinath Perur

But the main instruments of 
balance are located in our 
head: the eyes (you would 
find it harder to stand on one 
leg with your eyes closed) 
and organs in the middle 
ear. There are two important 
organs of balance located 
in our ears. One consists of 
two sacs containing hair-like 
sensors with gel caps. These 
caps hold tiny calcium stones 
that slide about when we 
move, triggering signals that 
are sent to the brain. The 
other organ is made of three 
semi-circular canals filled 

BALANCING 
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Film by illusionist Georges Méliès is one of 
the fi rst to use stop-motion eff ect

The
me

Sci-fi  fl ick is the fi rst to use matte 
backgrounds, double exposures, miniature 
models 

Jump cuts, travelling mattes and hand-
coloured prints used for the fi rst time

1896 
The Vanishing Lady

19
Re

1902 
A Trip to the Moon

1903 
The Great Train Robbery

Metropolis, a 1927 
sci-fi  love story set 
in a futuristic city 

full of art deco buildings 
and unhappy labourers, 
is a vfx masterpiece that 
revolutionised cinema with 
a host of amazing in-camera 
effects.

Its cinematographer, Eugen 
Schüfftan, created an early 
vfx technique that used 
projections and mirrors – 
with parts of their silvering 
scraped off – to put regular-
sized actors into shots 
of miniature models of 
buildings. Sounds hard to 
imagine? It was even harder 
to pull off. The same effect 

Pl
pu
m
wi
m
it’s
go

Pl
(or

Directed by 
Fritz Lang

(1927)

Metropolis

is created nowadays using 
blue screens and computers, 
or with the matte effect (see 
p17).

Metropolis also featured 
the Maschinenmensch – 
cinema’s fi rst robot, and the 
inspiration for many later 
movie robots including c-3po 
from the Star Wars trilogies 
(see p16). It’s worth watching 
just for the awesome scene 
where this robot transforms 
into a humanoid clone of 
the movie’s lead actress – 
an effect created entirely 
in-camera using multiple 
exposures, matte cutouts and 
moving lights.

Do you ever watch big 
action sequences in 
movies and ask yourself, 
“Wow, how did they DO 
that?” We do too (all the 
time!). And being science 
geeks, we decided to go 
look it up. Here’s what 
we dug up on movie VFX 
and its amazing history, 
along with a pick of our 
favourite titles and our 
top ten movie beasties of 
all time:
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The granddaddy of VFX in 
cinema was George Méliès, one 
of the greatest innovators and 
technical geniuses who ever 
lived. Read a web-exclusive 
comic about Méliès in the 
digital edition of BW (see page 
38 to fi nd out how). Watch 
Méliès's 1902 sci-fi  short fi lm A 
Trip to the Moon, about a group 
of lunar explorers, here: http://
youtu.be/oYRemE9Oeso
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The silent action fi lm incorporates 
mechanical puppeteering

First Indian feature fi lm and fi rst Indian fi lm 
with SFX

Live action is combined with animation for 
the fi rst time

1907
Rescued from an Eagle’s Nest

1913 
Raja Harishchandra

1914 
Gertie the Dinosaur

Plan 9 from Outer Space, a 
pulp zombie-alien-horror 
mash-up from the ’50s, is 
widely considered the worst 
movie ever. It’s so bad that 
it’s worth watching just for a 
good laugh.

Plan 9’s ufo effects consisted 
(or so the legend goes) of 

, 
 

 

o 
 

ng 

s 

nd 

The miniature is placed very close 
to the lens. The lighting is then 
adjusted such that everything 
appears to be on the same plane.

The actor interacts with the model 
as if it is really there.

This technique is used to create:
huge monstrous creatures 
explosions or natural disasters
artifi cial landscapes.

Gallery of Miniatures: A Trip 
to the Moon, 2001: A Space 
Odyssey, Titanic, Inception

Discover the unusual technique 
which makes tiny objects appear 
life-size
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car hubcaps, which were 
strung up and moved around 
using poorly-concealed 
wire. Shadows of actors fall 
on matte paintings in some 

Best 
Laid 
Plans

scenes, breaking the illusion 
of a seamless horizon in 
the background. Important 
props were obviously made 
of cardboard, and boom 
microphones are visible in 
many shots.

Ed Wood, the maker of 
this cult b-movie, is widely 
considered the worst director 
ever. We can’t say we’re 
surprised. Here’s a challenge: 
make a sci-fi  fi lm (ask your 
friends for help!), and give 
it special effects that are 
better than those in Plan 9 
from Outer Space. Easiest 
challenge ever!

HERE'S HOW

NUTS & DOLTS

MYSTERY 
MINIATURES

THE

OF
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The most famous – and 
tiring – point in the 
sword-and-sandals epic 

Jason and the Argonauts, is a 
scene where the adventurous 
Argonauts are forced to 
fi ght off a bunch of skeleton 
warriors that are grown (in 
an early example of stem-
cell tech, no doubt) from the 
teeth of a six-headed hydra. 
This scary polycephalous 
portal guardian, along 
with the aforementioned 
skeletons and a bronze 

(1963) 
Directed by 
Don Chaff ey

Jason 
and the 
Argonauts

colossus named Talos, form 
the main three-pronged 
assault on Jason’s crew. 
Poor Jason wouldn’t have to 
endure such horrors but for 
the genius of stop-motion 
guru Ray Harryhausen, who 
created and animated these 
monsters. Harryhausen, 

a former disciple of Willis 
O’Brien (see below), is 
considered a modern pioneer 
of creature effects. And it 
isn’t for lack of hard work. 
That scene with the skeleton 
warriors, for instance, took 
him four whole months to 
animate!

WILLIS O'BRIEN

For the first three decades of his life, 
Willis O'Brien, adventurer and free 
spirit, was merely cool.

He had been a cowboy, a fur trapper, 
a barkeep, a railroad man, a factory 
worker, a sculptor and a draftsman. 
But his true calling was yet to come.

Until he pioneered stop-motion animation 
with cult creature-features like The Lost 
World and King Kong, and went 
from being merely cool to simply 
AWESOME.

A fi rst: 3D in anaglyph format! Inv
dou

Reverse-fi lming tech is used to show Red Sea 
parting

Pioneering special eff ects include puppets on 
miniature sets and stop-motion animation

1922
The Power of Love

19
Th

1923
The Ten Commandments

1925
The Lost World
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Animatronics is a visual 
eff ects (VFX) technique 
in which models are 

used, just like in stop-motion 
animation (see left). The 
diff erence is that while stop-
motion uses clay models moved 
manually and painstakingly 
photographed frame-by-frame, 
animatronic puppets contain 
internal mechanical parts that 
can be operated remotely, 
and in real time. Animatronic 
puppets, such as many of the 
dinosaurs seen in Jurassic 
Park, can also be moved using 
electronic controls – the same 
way you control an r/c car or a 
lego robot!

Films with animatronics: Jaws, 
Jurassic Park, King Kong  

Animatronics

Invisible man is portrayed with overlays and 
double exposures

Monster fi lm stars miniatures, stop-motion 
animation and a giant mechanical hand

on Freeze-frame technique is used for the fi rst 
time

1933
The Invisible Man

1933 
King Kong

1946
A Matter of Life and Death
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Giant Greasemonster 
Slooshes Automobile
Make your own movie monster!

01. Use modelling clay (available 
at most toy and stationery stores) 
to make a monster.

03. Plan the action. In this 
case, we're going to make our 
greasemonster attack a passing car.

05. Move your monster and props 
very, very slightly towards their 
fi nal position. Take another photo.

06. Repeat step 5 until you get to 
the end of your sequence. In our 
animation, the end is where our 
monster covers the little car with 
its horrible black grease. 

To see our greasemonster in action, and 
for a behind-the-scenes instructional, 
go to www.bwmag.in/video.

07. Finally, assemble all your 
frames (in their correct sequence) 
into a single timeline using a free 
movie software like Windows 
Moviemaker. Play it back and watch 
your monster in action!

04. Frame the scene with your 
camera and fi x it in position using a 
tripod. (The camera shouldn't move 
for the rest of the shoot!) Place all 
your characters and props in their 
starting positions, like we've done. 
All set? Click a photo.

02. Give your monster a setting by 
giving it props and a backdrop.

Expert Tip: the more frames you 
have of the action that takes place 
between the beginning and end of 
your sequence, the smoother your 
animation will look!
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(1977) 
Directed by 
George Lucas

Star Wars 
episode iv: 
a new hope

George Lucas’s epic 
fi lm Star Wars called 
for never-before 

attempted vfx. First off, it 
was set in space. Added to 
which, it featured a motley 
crew of aliens and spaceships 
(as well as cool stuff like 
telekinesis). Lucas set up a 
company called Industrial 

Light Magic (ilm) to create 
the visual effects for the 
fi lm. Elaborate models of 
spaceships were constructed. 
These were fi lmed using 
a slow-moving camera to 
create the illusion of size 
— a method called motion 
control photography. Further, 
a system to control cameras 
using a computer, called the 
Dykstrafl ex, enabled precise, 
planned movements and fast-
paced shots.

Actors were shot in front of 
blue screens and painted or 
fi lmed backgrounds were 
added on later. Explosions 

and laser gun blasts were 
simulated using fi reworks. 
Digital matte paintings 
were used as backgrounds 
instead of expensive sets. 
There was even a limited 
use of computer-generated 
graphics (in 1977!). The 
effects that the talented ilm 
bunch created on a limited 
budget were sheer genius. 
The lightsabers, for instance, 
were actually sticks with 
refl ective tape – colour and 
glow was added on later by 
hands-on animators. When it 
released, Star Wars ended up 
becoming the highest money-
grossing fi lm of all time!

These pesky, evil creatures will 
multiply, attack and turn your 
world upside-down. So never, ever 
feed a pet Mogwai after midnight.

10 GREMLINS
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Stop-motion animation is combined with live 
action and rear projection

On
pro

The creature in question is made with a foam-
latex costume 

Jap movie showcases an animatronic model, 
an elaborate costume and a miniature model 
of Tokyo

1949
Mighty Joe Young

19
Fo

1954
Creature from the Black Lagoon

1954
Gojira
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04. The scene is then shot through 
the second glass sheet, over the 
same fi lm. 

e, 

it 
p 
y-

UNDER THE MATTE
Outdoor locations can be expensive to shoot in. Sometimes, 

fi lmmakers also fi nd it hard to fi nd a suitable location, especially 
when the movie is set in a fi ctional land or outer space. In such 

cases, matte paintings can be a handy and cheap solution.

01. On a sheet of glass, artists 
apply black paint on the portion 
that will later be replaced by the 
matte painting (which doesn't 
refl ect light easily). The rest of the 
sheet is left blank.

03. This fi lmed sequence is used 
as reference. The matte painters 
create the required background 
on another sheet of glass. The 
remaining area on the sheet is 
painted black.

Movies with matte: The Great Train Robbery, Star Wars: A New 
Hope, Lord of the Rings Trilogy

After Bruce Banner is accidentally 
exposed to gamma rays, he 
intermittently changes into a huge, 
green monster who gets stronger 
as he gets angrier.

09 THE HULK

05. The composite shot resulting 
from this process creates beautiful 
and detailed settings, without the 
cost, time and eff ort of making 
elaborate sets!

02. A very small portion of the 
set is built, and the live action 
sequence is shot with the actors 
through the painted sheet of glass.

One of the main characters is an electronic 
prop, Robby the Robot

Telugu fi lm shows off  special eff ects that 
include rakshasas, fl ying carpets and 
rotating beds

l, 
el 

Sodium vapour process or yellowscreen used 
for the fi rst time ever

1956
Forbidden Planet

1957
Mayabazar

1964 
Mary Poppins
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You will need:

Step 1

Step 2

Step 3Step 1

Cut the cardboard to make a frame, like 

in the image below.

Cut out another slightly smaller frame, like this:

Cut small rectangular pieces of the red and cyan cellophane sheets to use as the lenses. 

Make Your Own 

3D Glasses
ANAGLYPH 

Brainwave is all about nifty visual tricks! In the 
spirit of all things eye-popping, here’s how you 
can make yourself a pair of anaglyph or  
stereoscopic 3D glasses (also known red & cyan 
glasses!).

Cardboard or chart paper (any colour), red and 
cyan (or light blue) cellophane sheets, scissors, 
glue or sticking tape

DO IT
YOURSELF

by Chaitanya Krishnan

St

St

No
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, 

Step 4 Step 6

Step 5

Stick these pieces onto the smaller frame. Paste the red piece on the LEFT and the cyan/blue on the RIGHT.

S ep 6

Fold the arms of the glasses so that you 

can wear it. Remember, RED should be 

on your left eye, and BLUE on the right!

Stick this frame on the bigger one as shown in the picture below:

Sticking tape

Sticking tape

Doesn’t it pop out of the page?!

Now slip on your 3D glasses to look at the image below!

Check out youtube.com. The site has 

tons of 3D videos! Once you get to a 

video, remember to select ‘red & cyan’ 

from the 3D menu.

Now use your 3D glasses to look at Brainwave's cover! 
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A young hobbit corrupted by 
the power of a ring morphs into 
a creature of the dark that will 
trick, cheat and kill to possess the 
precious ring in question.

08 GOLLUM

Manually guided pre-motion control cameras, 
retrorefl ective matting, slit-scan photography, 
coloured fi lters are used for the fi rst time

KnoSatyajit Ray’s fi lm features a ghost dancing as 
well as shadow puppets

This is the world’s earliest IMAX fi lm

1968
2001: A Space Odyssey

19
W

1968
Goopy Gyne, Bagha Byne

1970
Tiger Child

3D Flicks: Bwana Devil , Journey to the Centre of the Earth, Avatar, Polar Express
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Directed by 
Steven Lisberger

(1982)
Tron

In a risky move, Walt 
Disney Productions 
decided to back an 

adventurous fi lm project by 
animator Steven Lisberger 
and producer Donald 
Kushner. Disney’s gamble 
paid off. Lisberger’s sci-fi  
fi lm about a hacker held 
hostage inside a computer 
became a cult hit. If you 
haven’t already guessed, 
we’re talking about Tron. 
Inspired by a video game 
Pong, Tron combined live 
action sequences along with 
computer animation. Two 
computer graphics fi rms, 
magi and Triple-I, were in 
charge of creating most of 
the vfx. magi specialised 

in making cg by combining 
simple shapes and then 
animating them to perform 
complex movements, and 
Triple-I was known for its 
tediously created, highly-
detailed fi gures whose 
texture, colour and design 
could be modifi ed. magi  
created the fast-moving 
lightbikes and tanks featured 
in Tron, while Triple-I 
designed the more intricate 
Solar Sailer. When live action 
and computerised sequences 
had to appear together, the 
actors were fi lmed in black 
and white suits against 
a black background, and 
later superimposed on the 
computer-generated scenes. 

Every full moon, Lawrence Talbot 
turns into a ferocious werewolf 
who prowls the countryside 
assaulting unsuspecting folk.

07 WOLF MAN

Known for the fi rst use of CGI First-time use of 3D CGI

Go-motion animation is born with this fi lm 

1973
Westworld

1976
Futureworld

1980
Star Wars V: The Empire 
Strikes Back
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CGI can create complex  
three-dimensional creatures 
with hyperrealistic fur, skin 
texture and musculatureG. 
What breathes life into these 
digital puppets and makes 
their on-screen performances 
convincing, is a fi lmmaking 
technique called ‘motion 
capture’. Like its name implies, it 
captures an actor’s movements, 
but with staggering detail. 

T
Sp
vi
W
(se

J
P

Don’t be fooled by his smooth 
charm. Count Dracula will drink 
your blood and turn you into a 
vampire in a heartbeat.

06 DRACULA

The pictures on the right show 
CGI-animated chimpanzee, 
Cesar, replicating the 
movements of actor Andy 
Serkis, as he performs in his 
mo-cap suit. Cesar appeared in 
the blockbuster fi lm The Rise of 
the Planet of the Apes. Serkis, 
who specialises in acting 
for motion capture, has also 
similarly played Gollum, King 
Kong and Captain Haddock.

Actors in mo-cap suits are 
covered in tiny plastic balls or 
dots that act a bit like points 
on a sheet of graph paper. The 
graph paper, in this case, is the 
surface of the human body. 
The little balls on it identify 
every tiny muscle that the 
actor moves. They transmit 
this information through 
several surrounding cameras 
to a powerful computer. 

Specially designed software 
then takes this data and 
maps it onto the skeletal and 
muscular structure of the CG 
character. It's like a highly 
sophisticated form of shadow 
puppetry!

Poetry 
in 
Motion

A fi lm with many fi rsts: completely-CGI 
sequence, fi rst use of fractal-generated 
landscapes and particle animation

TheDigital compositing used to place actor 
Woody Allen into older documentaries 

A supercomputer (CRAY 1) is enlisted to 
create integrated CGI 

1982 
Star Trek II: The Wrath of Khan

19
My

1983
Zelig

1984
The Last Starfi ghter
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To create the predatory 
dinosaurs that romped 
through Steven 

Spielberg’s Jurassic Park, 
visual effects supervisor Stan 
Winston used animatronics 
(see p15). Spielberg wanted 

(1993) 
Directed by 
Steven Spielberg

Jurassic 
Park

In this cult series, millennia-old 
Egyptian bodies embalmed with 
chemicals and preserved in white 
bandages come alive, kill viciously 
and attempt to resurrect other 
mummies.

05 THE MUMMY

his dinosaurs to be lifelike 
and accurate down to the 
last detail. So he roped in 
palaeontologist Jack Horner 
to supervise the production 
of the models. Winston 
and his team started off by 
creating elaborate models 
of the dinosaurs, after 
which foam skins were 
moulded and textures added. 
Alongside, animators Mark 
Dippe and Steve Williams 
created sequences showing 
the movements of the 
dinosaurs, based on which 
complex robotic structures 
were built. 

The foam skins were then 
fi tted onto these structures. 
Finally, during the editing 
phase, the dinosaurs had to 
be added onto the live action 
scenes (a process called 
digital compositing). 

The crew encountered 
several challenges while 
working with these gigantic 
models. Dealing with dinos 
more than 6m tall, 12m long 
and weighing over 6000kg 
proved to be a Jurassic feat, 
even if they weren’t real!

The fi rst 3D movie produced in India Film features the fi rst 3D computer-
generated, animated character on a live 
action background

A 3D scanner is used for the fi rst time to 
create digital models

1984
My Dear Kuttichathan

1985
Young Sherlock Holmes

1986
Star Trek: The Voyage Home
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CGI

The nefarious underwater giant attacks passing ships with its oversized tentacles, and is much-feared by 
nautical travellers and pirates alike.

04 KRAKEN

A lot of what we see in fi lms 
today is computer-generated 
imagery, from landscapes 
and buildings to textures and 
animated characters. 

Why CGI? It's cost-eff ective, saves on time, and gives fi lmmakers 
more freedom. CGI is easier to control than real actors, sets or 
physically-created visual eff ects!
Noteable examples: Futureworld, Final Fantasy: The Spirit Within, 
Toy Story, Beowulf 

Things are three-dimensionally 
created (or animated) using CGI 
computer software. They are later 
digitally meshed with live action 
recording. 

This is accomplished by recording 
the live action portions of the 
movie in front of green screens and 
digitally adding the CGI bits later.

One of the earliest Indian fi lms to use visual 
eff ects

Ear
mo

Animated imagery interacts with live action 
characters and optical eff ects like shading to 
make characters look real

Refl ection and refraction are used to create 
digitally animated CGI water for the fi rst time

1987 
Mr India

19
La

1988 
Who Framed Roger Rabbit

1989 
The Abyss
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Filmmaker Peter Jackson 
and the visual effects 
team of weta Digital 

designed the villainous 
Gollum for the second 
instalment of the Lord of the 
Rings series. They crafted 
a sophisticated digital 3D 
framework and controls to 
move each bone, muscle, hair 
and wrinkle. Then the team 
decided that Gollum also 

Lord of the Rings: 
the two towers

had to have an interesting 
personality and mannerisms 
to match his evil looks. 
Originally roped in to lend 
his voice to Gollum, English 
actor Andy Serkis soon 
became a real-life model 
for the cg character. The 
team carefully studied the 
actor’s face and expressions 
and replicated it on the cgi 
Gollum! During the shoot, 
Andy acted out the scenes 
with the rest of the cast. 
Then the crew shot the scene 
without Andy and around an 
invisible Gollum. He then 

performed the scene alone, 
on a stage while wearing 
a motion capture suit (see 
p22), a special costume with 
refl ective balls or dots on 
the joints. As Andy acted, 
cameras positioned around 
the stage recorded his 
moves. The computer later 
used the positions of the 
refl ective dots to copy Andy’s 
movements on Gollum, 
frame-by-frame, through 
a process called key-frame 
animation.

(2002) 
Directed by 
Peter Jackson

This menacing dinosaur has been 
stomping across movie screens 
since 1918, battling giant gorillas, 
eating people in theme parks and 
endearing itself to sloths.

03 T-REX

 

n, 

g 

nd 

Early use of virtual reality as well as body 
motion capture

For the fi rst time, a live actor is turned into a 
photo-real cartoon character and CG eff ects 
are used on human actors

e 
me

Known for digital modifi cation of the animals’ 
mouths to look like they’re talking

1992
Lawnmower Man

1994
The Mask

1995 
Babe
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Sky Captain and the 
World of Tomorrow A

(2004) 
Directed by 
Kerry Conran

Movies are generally 
shot in physical sets, 
called ‘backlots’, 

containing real props that 
real actors interact with. 
When cgi (see p24) fi rst 
came along, the scenes 
that needed heavy special 
effects – creature effects and 

The image of this gigantic, 
prehistoric gorilla grabbing fi ghter 
planes as he teeters on top of New 
York's Empire State Building is an 
epic one. 

big action scenes, typically 
– began to be crafted on 
computers. Actors would be 
photographed against blue 
screens in ‘digital backlots’, 
and all the big effects and 
backgrounds would be added 
in later via cgi. Sky Captain 
and the World of Tomorrow, 
a ridiculously fun pulp sci-fi  
fl ick, was the fi rst movie that 
was made almost exclusively 
(save for a couple of scenes) 

in digital backlots. It’s so 
greatly stylized and effects-
heavy that it was perfect 
for comprehensive cg-use. 
This approach wouldn’t 
work in all movies, and 
certainly not for simulating 
human performances – not 
yet, anyway, because cg 
technology hasn’t fully 
surmounted obstacles like 
the ‘uncanny valleyG’. But 
who knows what wonders the 
future will bring!

02 KING KONG

Film sees extensive use of fl ow motion Tam
ani

The fully-CGI fi lm uses advanced motion 
capture technology to convert live action 
into digital animation

1999
The Matrix

20
En

2007
Beowolf

Facial performance capturing system used

2008
The Curious Case of Benjamin 
Button
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Avatar 
(2009) 
Written and directed by 
James Cameron

Post the success of 
his blockbuster 
movie Titanic, James 

Cameron directed the 
documentary, Ghosts of the 
Abyss, in 2003. He teamed 
up with cinematographer-
inventor Vince Pace to shoot 
the wreckage of the RMS 
Titanic deep in the Atlantic 
Ocean using something 
called the Reality Camera 
System. The highlight of this 
technology? It could record 
high-defi nition stereoscopicG 

he 

3D video! For his next 
mega budget fi lm, Avatar, 
Cameron needed even more 
ambitious tech to depict real 
actors alongside computer-
generated animation within 
the same frame. Enter the 
Virtual Camera System which 
let Cameron do just that – 
view computer-generated 
surroundings in real-time. 
So while the actors stood in 
front of a plain green screen, 
Cameron could look into his 
camera and picture them 
against the lush, digitally-
crafted jungles of Pandora! 
He also used the Simulcam, 
a camera that allowed him to 
view real-life actors interact 
with cgi characters. Another 
special camera captured the 
actors’ expressions up close 
and reproduced them on the 
faces of cg counterparts.

The 300ft lizard-like monster from 
Japan is the star of several fi lms 
and a product of nuclear radiation. 
Oh, and he has atomic breath!

01 GODZILLA

Tamil fi lm is pioneering in its use of 
animatronics, CGI and previsualisations

Contains more than 2000 visual eff ects, 
worked on by 14 special eff ects fi rms

2010
Enthiran

2012 
The Avengers 

For an explanation of these techniques, refer 
to the glossary page.
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MULTI
VERSE

On June 19, 1878, an 
indecisive, bearded 
photographer named 
Eadweard 
Muybridge
made an ordinary 
horse named
Sallie Gardner
unbelievably famous. 
Right up there with 
Black Beauty.

While some rich Californian businessmen 
were drinking tea at the races, Leland 
Stanford thought he saw something rather 
unexpected.

Muybridge set up a 
series of 12 cameras 
triggered to click 
pictures automatically 
using a sequence of 
tripwires pushed by the 
horse as it galloped.

I tell you, I saw 
that horse fly!

HAW! HAW! LAY
$25000 ON THAT, 

OLD MAN?

Muybridge was hired to prove Stanford's claim that, at some points in its stride, the horse had 
all four feet up in the air at the same time.

by Prabha Mallya

28
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To be cont inued . . .

The automatic photo-clicking 
mechanism worked so well, 
Muybridge could even leave 

the scene briefly 
to murder a man 
who was rather 
friendly with 
his wife.

Meanwhile, this 
photograph, among many 
others clicked by the 
system of cameras, won 
the bet for Stanford.

Flipping rapidly through the 
still pictures gave the illusion 
of movement. Others went on 
to use this idea to make the 

very first motion pictures.

This was the 
first-ever sequential 
set of photographs 

to capture a running 
horse.

And so, Sallie Gardner the 
horse, became the first equine 
movie star.

finally!
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PHOTO
FEATURE

Secret

Garden

Green-backed Tit 
I saw this Green-backed Tit 
(Parus monticolus) in a little 
village garden in the Kumaon 
Himalayas in Uttarakhand. 
The owners of the garden 
had brushed their dog the 
previous day, and left its 
loose fur in the grass. The 
Green-backed Tit, which was 
just starting to build its nest, 
spotted the white hair lying 
in the grass, and swooped in 
to pick up a mouthful for its 
nest. The soft fur will make a 
wonderful nest for its babies! 

Photo and text by 
Radhika Govindrajan
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Send us your completed crosswords and give us your feedback! Write to brainwave@ack-media.com. 
See the solutions to the June crossword ‘Digging up the Dead’ at www.bwmag.in/solution-digging-up-the-dead.

The Reel Story
D

M

ACROSS
2. RMS Titanic – the ____ of dreams (4)
4. The Wizard of __ used sepia tone to good 

eff ect in 1939. (2)
6. The full moon brings out the were____. (4)
7. ____technics are used to create blasts on the 

sets. (4)
9. An actor has to ___-sync while being dubbed. (3)
10. Shark attack! (4)
13. A shot fi lmed at an angle (4)
15. Prosthetic pointy ears make an ___. (3)
16. Milkshake thickener was used to make this in 

Volcano (4)
19. A Bug’s Life: ____ vs. grasshoppers (4)
20. Spielberg’s extra terrestrial (2)
21. Huge screens for the best CGI and 3D 

experience (4)

DOWN
1. Harry Potter’s special messenger (3)
2. Special eff ects, abbreviated (3)
3. T.rex in Jurassic Park was an animatronic 

_____. (6)
5. ____-in to get a close-up shot. (4)
8. Panorama shot, for short (3)
11. Shoot a smooth, jolt-free video using a 

_____cam. (6)
12. Superman can do this, but Buzz Lightyear 

can’t (3)
14. ____screen fi lming: a VFX technique (4)
17. Use Derma___ to put scars on an actor’s 

skin. (3)
18. Ground up newspaper looks like volcanic 

___ in the movies. (3)

by Veena Prasad

Easy

Medium

Diffi  cult

E

CROSS
SECTION
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WOOF
WOOF

WOOF
WOOFWOOF

WOOF

PART 5

MONTHS HAD GONE BY SINCE DR HENRY ARMITAGE 
HAD HIS FEARFUL MEETING WITH THE HORRIFIC 
WILBUR WHATELEY IN THE LIBRARY OF THE 
UNIVERSITY OF ARKHAM. 

In the small hours of the night, 
Dr Armitage’s sleep was interrupted 
by the wild barking of the ferocious 
campus watchdogs.

Afraid of the strange purpose Wilbur 
had for securing a copy of the dreaded 
Necronomicon, an ancient hide-bound book of 
arcane knowledge, Dr Armitage had warned 
the owners of every copy of the book 
known to exist, that Wilbur might come 
calling on them.

Adapted by Sunando C  f rom 
HP Lovecraf t ' s  The Dunwich Horror 

W
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F
F

Dr Rice! 
Dr Morgan! 

what happened?
what is it?

We’re not sure, 
Dr Armitage. 

COME WITH US. 
you SHOULD best 
see for yourself.

As he was led into the library building, 
past the still-barking dogs, Dr Armitage 
realised with a start that a group of 
whippoorwills in the shrubbery outside had 
started a loud, rhythmic piping.

WOOF
WOOFWOOF
WOOF
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No one had dared to turn on the lights. 
When Dr Armitage summoned all his 
courage and flipped on the switch...

The thing that lay bleeding on the library 
floor was almost 9ft tall, its clothing 
and its flesh torn by the watchdogs. It 
was not yet dead, but its heaving breaths 
in unison with the shrill whistling of the 
whippoorwills, and the spasms and twitching 
of its body signalled that it was close to 
dying.

*GASP!* No
or 
of 
Dr
W
ma
par
nor
ide
the
to 
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g 

No one could describe in words, written 
or spoken, the creature that lay in front 
of them.
Dr Armitage now recognised it as Wilbur 
Whateley. His head and his hands were 
man-like, but the torso and the lower 
parts of his body could not be conceived, 
nor described by any storyteller whose 
ideas of form and biology were limited to 
the common life forms of this planet and 
to the three dimensions known to man.

TO BE CONTINUED...
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THERE’S THERE’S 
MORE THAN MORE THAN 
ONE WAY ONE WAY 
TO GET A TO GET A 
BRAINWAVE!BRAINWAVE!
Now you can read all your favourite issues of 
Brainwave on your browser and Android/Apple/
Amazon devices.
New issues come with extra digital-only articles 
and features! Visit www.Magzter.com/IN/
ACKMEDIA/Brainwave/ to learn more!
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Student’s Name:                                                                 
Guardian’s Name:                                                               
Date of Birth:           (DD MM YYYY)
Address:                                             
                                                                                                
                                                                                                
City:        PIN:                                       
State:                                                                                     
School:                                                                                  
Class:                                                                                     
Email (Student):                                                                  
Email (Guardian):                                                               
Tel of Guardian: (R):                                                           
Mobile:                                                                                  

      CREDIT CARD
Card Type: Visa MasterCard
Please Charge `425 to my Credit card 
Number below:

Expiry Date :

      CHEQUE/DD

on (bank)                                                                   ,
for the amount                          ,     
dated 

      CASH: `                         
Submit this form along with your payment to the 

Parent’s Signature:

Cardmember’s Signature:

SUBSCRIBE NOW!

Pay only ` 600 425!
Get 12 issues of

29%
off

Why pay `50 every month (that’s `600 a year) 
at your news-stand to enjoy Brainwave?

YOUR DETAILS*

PAYMENT OPTIONS

ONLINE SUBSCRIPTION

PAY just ` 425* now, and every month, for the 
next 12 months, you’ll get 40+ pages of

Incredible Ideas
Easy-to-do Experiments

* Publisher at its sole discretion shall have the right to 

us at
ACK Media Direct Pvt. Ltd., 
Raghuvanshi Mills Compound, Senapati Bapat Marg, 

brainwave@ack-media.com

M
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p12 
Double exposure: exposing the same 
fi lm twice, to create a single photograph 
consisting of two superimposed images

Jump cuts: a fi lm editing technique in which 
the view of a character jumps forward in 
time

Travelling mattes: combining images from 
separate fi lms to make it look like they are 
from the same place and were taken at the 
same time

p13 
Live action: video that has been fi lmed 
or recorded, rather than animated or 
computer-generated

p15 
Overlays: a layer that covers part of an 
image, making it clearer at other places

Freeze-frame: a single frame from a fi lm, 
repeated several times, making it look like a 
still photograph

p16
Rear projection: a camera technique 
where previously-fi lmed backgrounds are 
projected onto a movie screen behind the 
actors and sets while they perform

p17
Yellowscreen: a photochemical process that 
uses sodium vapour to combine actors with 
already-fi lmed background footage

p20
Retrorefl ective matting: a technique 
in which pre-fi lmed backgrounds are 
projected from the front onto the actors 
and a highly refl ective screen behind them

Slit-scan photography: a photography 
technique used to show blurriness or 
deformities by introducing a moveable 

40

GLOSSARY 
OF TERMS

slide, with a slit, between the camera and 
the subject

p21
Go-motion animation: a variation of 
stop-motion animation, in which several 
snapshots are taken while a model or 
puppet is being moved, to produce a more 
credible sense of motion

p22
Fractal-generated landscapes: a surface 
that is generated using calculations to 
produce patterns that copy the appearance 
of natural terrain

Particle animation: a computer graphics 
technique that produces tricky eff ects for 
fi lms, like explosions, fur, dust, snow, grass 
and magic spells

Musculature: the muscle structure in a body
 
p25
Virtual reality: an artifi cial environment 
generated by a computer that can be seen 
and heard, and can be modifi ed by our 
actions

p26
Uncanny valley: the theory that when 
robots or 3D animated humanoids look 
and behave almost like humans, but with 
some subtle diff erences, human beings 
tend to react to them with fear, repulsion or 
discomfort

Flow motion: (also called bullet time) a 
visual eff ect in which an object on the 
screen is digitally slowed down to such an 
extent that even a fl ying bullet can be seen

p27
Stereoscopic: an image formed by 
combining viewpoints from both eyes
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p16
 Glowing Bunnies!

p26
 Dunwich Horror!

p12
 Ancient DNA!

p32
 Colliding Protons!
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Cover artwork 
by Rajiv Eipe

Vol. 01  |  Issue 08  |  August 2012

Editor & Art Director
Vinayak Varma
vinayak@bwmag.in

Dear Reader,

What are your school friends like? If they’re 
anything like mine were, I’ll bet no two are 
alike. You probably have short and tall friends, 

skinny and big friends, smart friends, sporty friends, 
light-skinned and dark-skinned friends, funny friends, 
nutty friends, nice friends and weird friends. They must 
be a regular circus! Have you ever asked yourself what 
makes them so different, though? And what makes you so 
different from each of them?

Part of the answer lies in genetics. Your dna (see p20) 
contain the blueprint that you were modelled on – a bit 
like a custom-written software program. This program 
has been handed down through your ancestors, over 
thousands of years, all the way down to your parents, 
grandparents, and now you. Along the way, every new 
generation has put its own spin on the program, tweaking 
it here, adding a mod there, throwing in a new and 
improved line of code somewhere else – until it resulted 
in the unique confi guration that’s you. It’s what makes 
you similar to your parents, but different from other 
humans. It’s also what makes you like other humans, but 
different from a cow or a bat or a snake.

It’s your lifetime now, and your turn to rewrite the 
program. How will you spin it? Email and tell me!

    Scientifi cally,
                                                    Vinayak

  vinayak@bwmag.in
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 My mother taught me about 
GENETICS..."You are just like your 
father!"

How can you better understand 
genetics in cold weather? 
Put your codon! 

Cell about to undergo mitosis to 
an interested geneticist: "I hope I 
have your divided attention"

Do you know why the geneticist 
went to dental school? He was 
looking for an oral high gene.

Vo
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In which we surf the 
genetic waves and 
take a wild ride on the 
double helix roller 
coaster
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Words tagged with a G are explained in the Glossary at the end of the magazine.
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After staying in nests and 
taking care of larvae, bees 
typically fl y out and become 
foragers, going out to gather 
food. Once their duties change, 
the bees begin to age very 
quickly. Scientists from Arizona 

Sometimes, children have 
a peculiar trait that isn't 
present in their parents or 
grandparents, and may have 
last been seen in a very distant 
ancestor. Even after the trait 
has stopped appearing for 
millions of years, its code 
remains in our genes. Usually 
these codes are inactive. But, on 
rare occasions, the mechanism 
that suppresses them fails to 
do so. This is called ‘atavism’ 
and may be seen as hind legs 
in whales, teeth in chickens or 
tails in babies!

Paul Sikkel, a marine biologist 
from Arkansas State University, 
USA, discovered a small 
parasite in the Caribbean 
coral reefs. This crustaceanG 
is similar in its behaviour to 

To come up with the double 
helix structure, co-discoverers 
James Watson and Francis 
Crick gathered data from an 
X-ray diff ractionG image of DNA 
taken by English biophysicist, 
Rosalind Franklin. But Franklin’s 
contribution to discovering DNA 
structure is rarely mentioned, 
and is a cause of great 
controversy. Would Watson 
and Crick have come up with 
the structure if they hadn’t got 
their hands on the photograph? 
Would Franklin have been able 
to fi gure it out on her own? We 
can only wonder!

Are you a bee-brain?

Peculiar genetics

Musical bloodsuckers

Double helix wars

CUT
PASTE

Gnathia Marleyi; image by Ann Marie Coile

blood-sucking ticks found on 
land. The parasites hide among 
algae, attack unsuspecting 
fi sh and infest them. But what 
makes them more incredible is 
that Sikkel named them Gnathia 
marleyi after the legendary 
Jamaican musician and singer, 
Bob Marley! 
via Zootaxia

State University, USA, and the 
Norwegian University of Life 
Sciences, Norway, conducted 
an experiment in which 
they got these older bees to 
return to their former duties 
of nursing larvae. Amazingly 
enough, they found that this 
reversed the eff ects of ageing 
on the brains of the bees. 
The molecular structures of 
their brains also changed and 
proteins that protect against 
dementia and cell damage 
were produced. Researchers 
believe that the next step is 
to see whether this process 
can be replicated in rats and, 
possibly, even humans. 
via Experimental Gerontology
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TOY
BOX

Chill Out
by Arvind Gupta

To make your own vacuum 
fl ask, you will need:
 A one-litre plastic bottle
 A 1.5-litre plastic bottle
 Newspaper
 Aluminium foil
 Insulation tape

1. Wrap a one-litre bottle completely in 
aluminium foil. 

4. Cut off  the top of the bottle so that it has no 
mouth.

5. 

7. 

H
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2. Next, cover it in newspaper, at least six 
layers thick. Stick the layers together with 
insulation tape.

3. Now take a 1.5-litre bottle and slice through 
the top half.

Method

Artw
ork: Adarsh Achari
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5. Place the well-wrapped bottle into the 
bottom half of the bigger bottle.

6. Put the top half of the bigger bottle over it, 
such that the mouth of the smaller bottle 
sticks out.

7. Use tape to seal the two halves of the bigger 
bottle.

8. Fill the bottle with cold water, and your 
vacuum fl ask will keep it chilled for a while! 

How does the water stay cool?
A vacuum fl ask is actually made 
of two fl asks. One fl ask is fi tted 
inside the other, and they’re 
then joined at the mouth. The 
space between the fl asks is 
devoid of air. This vacuum acts 
as insulation and prevents the 
conduction of heat (convection)
between the two fl asks. Also, 
the inner fl ask is coated with 
a refl ective surface to stop 
further loss of heat. In our 
fl ask, we’ve used aluminium 
foil as the refl ective surface 
and newspaper as insulation. 
By making sure that the 
temperature doesn’t change, 
we can get the water to stay 
cool for longer.

Artw
ork: Adarsh Achari
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Like the air around us, a 
flame is a mixture of gases as 
well – but hot, glowing ones. 
And so the candle flame is 
lighter than the air around 
it. Just like a hot air balloon 
climbs up, or a cork floats 
to the top of water, a candle 
flame rises up through the 
surrounding air.

ASK US 
WHY

B ear with me if this 
sounds silly – but 
how do we know 

where ‘up’ is? ‘Up’ is simply 
the opposite of ‘down’. And 
‘down’ is the direction in 
which the Earth’s gravity 
pulls objects to itself. So 
a stone falls down. And a 
candle’s flame always points 
up – away from the Earth’s 
gravitational pull.

It is because of gravity that 
the Earth has an atmosphere 
– a hundred-kilometre-
thick layer of gases above its 
surface. This air has weight: 
a column of atmosphere that 
is the size of a postage stamp 
weighs around 7kg at the 
Earth’s surface.

Ranjani S asks, “Why does a candle’s fl ame 
always point upwards no matter how the candle 
is held?”

by Srinath Perur
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But what happens to a 
candle flame when there’s 
no gravity? Thanks to 
experiments performed by 
astronauts aboard several 
space shuttles, we now know 
the answer to this question. 

A candle flame in space 
– burning in a mixture of 
air just like the Earth’s, 
but with no gravity – glows 
with a blue, spherical flame. 
It is spherical because 
the hot gases of the flame 

The 
Burning 
Question spread evenly around the 

wick, in the absence of the 
surrounding air having 
weight. On Earth, the yellow 
colour of candlelight comes 
from soot particles rushing 
up through the hot flame. 
But this does not happen in 
space and the flame has an 
even, blue colour. Astronauts 

also found that candles could 
not stay lit for more than a 
minute or so. On Earth, the 
rising gases allow oxygen to 
feed the flame from the sides. 
But this doesn’t happen in 
space, and the candles go out. 

However, once the astronauts 
created a slight breeze, the 
candles burnt just fine. So if 
you want to celebrate your 
birthday on a spaceship, you 
know exactly what to expect 
with the candles! 
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by Dr Sukanya Sinha / Curiouscity

A
rtw

ork: Anuranjini Singh

1. Say you’re a guest on a tv
game show and are asked to 
select between three closed 
doors. Behind one of them is 
a grand prize. All you have 
to do to win it, is choose the 
right door. 

Once you pick a door, the 
game show host notes your 
choice, but does not open that 
door. Since he knows which 
door the prize lies behind, he 
opens one of the two doors 
that you didn’t pick and shows 
you that it is empty. Now two 
doors remain unopened – 
your original choice and the 
door that the host didn’t open. 

He now asks you if you want 
to change your mind and pick 
the other door.

Our question is:
will switching your choice 
improve your chances of 
winning? 

open  
sesame

2. A bag contains 17 pairs of 
red socks, 17 pairs of blue 
socks and 17 pairs of green 
socks. You are asked to put 
your hand into the bag and 
pick out a bunch of socks 
without looking inside.

What is the minimum 
number of socks you must 
pull out so that you are 
guaranteed to get at least 
one pair of the same colour?

Email your answers to
brainwave@ack-media.com
and log on to www.bwmag.in for 
the solutions. Happy puzzling!

Put on your math hats and take a shot at solving 
two mind-bending puzzles

PLUS
MINUS
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In 1997, Kuwaiti 
scientists Wasmia 
Al-Houty and Faten 

Al-Mussalam published 
a weird and fascinating 
paper in the Journal of 
Arid Environments. It was 
called Dung preference of 
the dung beetle Scarabaeus 
cristatus Fab (Coleoptera-
Scarabaeidae) from 
Kuwait. That’s right! This 
duo sacrificed their time, 
effort and sense of smell 
in a valiant bid to find out 
what type of dung, beetles 
like to chow on. The modus 
operandi was to offer the 
bugs a choice of horse, 

H ave you seen a lava 
lamp? Don’t you 
love the magical 

way in which it glows and 
moves? In 2004, 24-year-old 
Philip from Washington, 
USA, bought a lava lamp 
and excitedly plugged it 

in. But nothing moved or 
glowed. An annoyed Philip 
took matters into his hands. 
He placed the lamp on the 
gas stove – heating it up, he 
thought, would speed up the 
process and kick-start the 
movements. 

But when a lamp that’s 
supposed to be heated by 
a bulb is put on a stove, it’s 
sure to spell trouble. The 
glass cover exploded when it 
couldn’t stand the pressure 
of the heat. A shard of glass 
flew off the lava lamp and 
pierced Philip’s heart, and 
he died an instant death.
He posthumously won the 
Darwin awardG in 2004. 

NUTS AND 
DOLTS

Oh poop!

Death by lava

camel and sheep dung (all 
herbivores), along with the 
dung of dogs and foxes, 
which are carnivores.

They found that the beetles 
liked horse dung best, and 
would only eat the dung of 
carnivores when there was 
nothing else on their plates. 
It turns out, the beetles 
like to feed on the more 
fluid parts of the dung, and 
so prefer the waste of the 
animal with the runniest 
poop – like horses. The duo 
won the Ig Nobel prizeG for 
nutrition in 2006.  

by Aparna Kapur
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Bugged to 
Death
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In which we surf 
the genetic waves 

and take a wild ride 
on the double helix 

roller coaster
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Humans first originated in prehistoric Southern Africa. 
Here, droughts and floods and ice ages and toothsome 
tigers killed these unfortunate folk frequently and 
unexpectedly. Finally, a small population was left on 
the eastern coast, eating nothing but fish during the 
Biggest Drought of Them All.

The group walked to Asia 
for the coconuts, bananas 
and noodles. In Australia, 
they ate roast kangaroo 
steaks. Some walked to 
Siberia for the potatoes 
and reindeer meat. Some 
jumped across stepping 
stones connecting Siberia 
to North America, where 
grizzly bear cheeseburgers 
were all the rage. Some 
moved on down to South 
America and gorged on 
llama burritos and chilli 
tacos. Some reached 
Europe, where they ended 
up eating fish and chips 
all over again.

Naturally, they 
began to tire 
of eating fish.

Armed with a computer, 
a doodle pad and blood 
samples from hundreds 
of people across 
the world, genetic 
scientist Rebecca 
Cann came up with a 
sensational theory 
that involved modern-
day humans and those 
prehistoric migrating 
foodies from Africa.

Most people alive 
today are related 
to a woman named 
mitochondrial Eve 
(mtEve) who lived 
100,000 years ago 

in Africa.

MIGRATION 
ROUTES

MULTI
VERSE
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Every cell in every human 
being carries two kinds of 
DNA. There’s the oh-so-
popular nuclear DNA, which 
is a friendly concoction of 
genes from our parents (or 
from four grandparents... or 
eight great-grandparents. 
Go figure!). And there’s 
mitochondrial DNA (mtDNA), 
which exists exclusively in 
those cellular organelles 
called mitochondria.

The mtDNA in each of your 
cells is a nearly exactly 
copied version of your mom’s 
mtDNA, which was a nearly 
exactly copied version of 
her mommy’s DNA. Obviously, 
your maternal granny got her 
DNA directly nearly exactly 
copied from her mom, your 
great-maternal grandma.

If you’re a girl who goes 
on to have a baby of your 
own, your mtDNA will most 
certainly be nearly exactly 
copied to the baby’s. And 
if you’re a boy, you pass on 
none of that mtDNA stuff, 
though you do go on carrying 
your mom’s mtDNA in all of 
your cells.

Calculating backwards 
over generations of 
moms and grandmoms 
and ultra-great 
grandmoms, Rebecca 
Cann found that the 
mtDNA of people the 
world over was nearly 
exactly copied from 
that of a fisherwoman 
on a drought-stricken 
African coast, 
100,000 years ago. 
The genes of this 
lucky mitochondrial 
mother live on, 
maybe, in you.

MITOCHONDRION

NUCLEUS

AND THAT’S 
A LONG LINE 

OF GIRL 
DESCENDANTS.

To be cont inued . . .
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B elieve it or not, there 
are some subjects 
that grown-ups fi nd 

complex and boring but kids 
fi nd easy and interesting. 
Like the plotline of the movie 
Transformers, where robots 
turn into a variety of everyday 
machines in order to disguise 
themselves. I can’t think of a 
single kid who has seen the 
movie and is not impressed 
by the possibility of morphing 
into a variety of shape-shifting 
mechanical objects.

The 
Transformers

by Dr Jandeep Banga / 
Curiouscity

Shape-shifting stem cells in the human body hold the 
key to curing everything from baldness to cancer. Or 
even growing a new brain!

 
But did you know that 
our own bodies possess 
transformers like these? You 
probably know that we are 
made up of millions of cells. 
A very small number of these 
cells are ‘stem cells’. They 
have incredible abilities 
that let them do nifty stuff, 
somewhat like the machines 
in Transformers! 

Basically, stem cells are 
unspecialised cells. Your 
heart, for example, has 
specialised cells that get 
it beating. But heart cells 
– just like all the other 
specialised cells in your 
body – are created from 
unspecialised cells.  These 
are the stem cells. But isn’t 
being specialised better?  Not 
necessarily. A machine that 
can convert itself into a car 
and an airplane is defi nitely 
better than one that is a car 
alone. Because a stem cell is 
unspecialised, it can give rise 
to loads of specialised cells. It 
has the potential to become 
almost anything! A heart cell 
cannot become a brain cell. 

But a stem cell can give rise 
to both heart and brain cells. 

There’s more! One other 
cool thing about stem cells 
is that they can proliferate. 
This is just a fancy word that 
means that they can multiply 
over and over again, while 
remaining unspecialised. 

Then, under the right 
conditions, stem cells can 
be coaxed to turn into 
specialised cells.

It’s no wonder that this tiny 
bunch of cells has scientists 
excited. They are busy 
researching the ability of 
stem cells to convert into any 
type of cell. Researchers hope 
that one day, we will have 
gained the knowhow to use 
stem cells to cure diseases, 
baldness and even grow 
organs like livers and kidneys. 
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LIFE
SCIENCE

James Till and Ernest McCulloch 
from the University of Toronto, 
Canada, demonstrated the 
existence of stem cells in 1961.

In 1998, American 
developmental biologist James 
Thomson isolated the fi rst 
human embryonic stem cell.
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In fact, stem cell research is 
already helping cure some 
forms of blood cancer.

But where are these 
extraordinary cells located? 
Stem cells can be found in 
adults as well as in the human 
embryoG. But embryonic 
stem cells are supposed to 
be more versatile than adult 
stem cells, and hence, more 
valuable. The umbilical cordG 
and placentaG both hold cord 
blood, which is a rich source 

of stem cells. These days it 
has become a trend to extract 
stem cells from the umbilical 
cord the moment a baby 
is born. The procedure is 
easy and painless and offers 
amazing possibilities. Stem 
cells from a newly-born baby 
can be frozen and stored for 
up to 20 years. When the baby 
grows up and falls ill with a 
condition that can be cured 
using stem cells, they can be 
thawed and reused. 
So if someone who has had 

A
rtw

ork: Anuranjini Singh

h 

s 

his or her stem cells stored, 
suffers brain damage after 
a car crash, the cells can 
be used to get a new one 
made! However, this newly-
acquired brain will possibly 
be a blank one and the 
accident victim will have 
to relearn everything from 
scratch. Alternately, advances 
in stem cell therapy may 
allow doctors to copy/paste 
memories from the old brain 
to the new one! 
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HERE'S
HOW

Fertilised egg of an 
albino rabbit

Green Fluorescent 
Protein (GFP) from a 

crystal jellyfi sh

Albino rabbit Alba was injected 
with the bioluminescentG gene 
of a jellyfi sh. While she looked 
like a regular white rabbit 
during the day, under certain 
lights, Alba glowed green!

Science or art?
This glowing bunny is not a 
work of science, it is a work of 
art. American contemporary 
artist Eduardo Kac allegedly 
commissioned French geneticist 
Louis-Marie Houdebine and 
his team to create Alba, based 
on experiments they had 
been conducting. Kac’s plan 
was to use Alba as part of 
his exhibition and then take 
her home as his pet. But the 
scientists who genetically 
modifi ed Alba, refused to part 
with her.

Science or farce?
After an article featuring Alba 
and Kac was published in the 
Boston Globe, a media frenzy 
broke out, questioning the 
ethics of injecting foreign 
genes into an animal for 
'artistic' purposes. But GFPs 
were already being injected 
into animals to track the 
progression of diseases, so 
it was established that the 
protein was completely safe. 
Following the fl ak that Kac 
received, Houdebine distanced 
himself from the project. He 
later claimed that Alba was 
never meant for Kac.

Did Alba really glow?
While the authenticity of a 
popular photograph featuring a 
green Alba has been disputed, 
we can safely assume that she 
really did glow. (Well, maybe 
not that brightly!) 

And then 
there was

light

ALBA
10

4

years

years

THE 
GLOWING 

BUNNY

If sources are to be believed, 
Alba died at the age of four, 
which is quite young given that 
a rabbit can live up to ten years.
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by Aparna Kapur

Text : Aparna Kapur; A
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ork: Anuranjini Singh
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GEEK
SPEAK

GENE 
WHISPERERS
Meet two scientists from the National 
Centre for Biological Sciences (NCBS) 
in Bangalore: Dr Krushnamegh Kunte 
and Dr Gaiti Hasan. Learn more 
about the fascinating things they 
do, from researching butterfl ies and 
fruit fl ies to uncovering the secrets of 
genetics and human behaviour 

by Aparna Kapur

Dr Krushnamegh Kunte is a reader at the NCBS 
and the principal investigator at Biodiversity 
Lab. He has been studying butterfl ies for 
the past twenty years and set up the Indian 
Foundation for Butterfl ies in 2009.

Describe a typical day in your life.
I study the ecological and genetic causes 
of wing colour evolution in butterfl ies. 
My day usually involves taking care of 
butterfl ies in the greenhouse, feeding them 
and maintaining the population, working 
with them in the lab as well as observing 
butterfl ies in the wild.

What interests did you have growing up?
I was always interested in nature, but I lived 
in a city. I was fond of trees, lizards, cattle 
and insects – that was my wildlife. As I grew 
older, I started attending nature camps 
organised by the Friends of Animals Society 
and by the World Wildlife Fund for Nature 
(wwf) in Pune. My interest in wildlife, 
ecology and conservation grew exponentially 
after that.
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Could you recount some moments of your 
career that stand out?
There have been so many moments, both 
in the fi eld and in the lab that have been 
memorable. Before I began working with 
butterfl ies, I worked with elephants. I 
remember this one time in Mudumalai 
National Park when I was watching an 
elephant in the rain. Another time, I was on 
a mountain top in Arunachal Pradesh and 
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Dr Gaiti Hasan is a senior professor in the NCBS 
She works with fruit-fl ies, conducting research 
in the areas of neurobiology and genetic 
development.

Describe a typical day at work.
At work, I spend a big part of my time writing 
papers about our work. I meet with my 
students and other lab members to discuss 
their projects or any diffi culty they may be 
having. I also often have to organise talks 
or seminars, especially for specialists from 
outside the country, to give them an idea of 
the work we’re doing and to get in new ideas 
from them. And I spend some time in the lab, 
although it’s considerably less than I used to.

Can our knowledge of genetics be used to 
predict human behaviour?
It’s very hard to predict human behaviour 
because the environment has been found 
to play a huge part. Even though studies 
have shown that twins raised in completely 
different conditions sometimes think in a 
remarkably similar way, the way they’re 
raised affects their behaviour to a large 
extent. Behaviour in other creatures can 
more or less be predicted, but it’s not exact. 

What are some standout moments in your 
career?
When I got a fellowship to do a PhD in 
Cambridge, when I started working with 
fruit-fl ies in the lab in Bombay. And another 
really special time was when we were setting 
up ncbs. We were just a bunch of us from 
tifr in Bombay and we built this place from 
scratch. More recently when my group could 
use genetics to make a fruit fl y that was 
unable to fl y, fl y again! 

n 

the only things around me were birds and 
butterfl ies. There was not a single person in 
sight! These are the sort of defi ning moments 
that make us realise why we like and study 
nature. I mean, how often does a person get 
to share the forest with a wild elephant in the 
rain! 

What kind of jobs can people get if they’re 
interested in genetics?
People interested in genetics usually have 
two options after getting a PhD degree. Either 
they can run a research lab after taking up a 
faculty position in a research institute, or they 
can do research in an industrial or medical 
facility that focuses on genetics.

We can’t make predictions for one organism, 
but we can guess how the majority of 
organisms in a group will react. 
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To read the complete interviews, log on to www.
bwmag.in/category/interview
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Deoxyribonucleic Acid (DNA) Structure:
DNA has a spiral staircase-like structure called the 
double helix. This idea was proposed by Watson 
and Crick in 1953.

The Material 

Sugar and phosphate form 
the rails of the staircase. 
They are present in DNA 
molecules, across all life 
forms. A phosphate group 
is always sandwiched 
between two sugar groups.
Phosphate-sugar bonds 
are covalent or very strong 
ones. 

By Aparna Kapur & Anuranjini Singh
With inputs from Dr Gaiti Hasan

Hu
ge
co
six

On
ins
oth
su
mu
de
on

Mendel studied at least 
29,000 pea plants to 
understand inheritance.

He crossbredG purple-
fl owered pea plants and 
white-fl owered pea plants.

+ +

Mendel found that they 
didn’t produce a new kind of 
pea plant, but the resulting 
plants had only purple 
fl owers.

He then self-fertilisedG 
these new purple-fl owered 
plants.
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Gregor Mendel and the Peas

The steps are formed by pairs 
of nitrogenous bases. One of 
the pairs is made up of Guanine 
and Cytosine (GC) and the other, 
Adenine and Thymine (AT). GC 
bond only with each other via 
three hydrogen bonds (weak) 
and AT bond with one another 
via two hydrogen bonds (very 
easy to break apart). AGCT combine in diff erent sequences of 

three, called the triplet code. Diff erent 
sequences of this code form diff erent amino 
acids. Amino acids form protein chains. 
Proteins perform many important cellular 
functions. 
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Humans contain 25,000 
genes, while bacteria 
contain only about fi ve to 
six thousand. 

Only 2% of our genes contain 
instructions that we can recognise; the 
other 98% is junk DNA. Recent work 
suggests that this 'junk' DNA contains 
much of the information for a cell to 
decide which gene should be turned 
on and at what time.  

Purple Genes Pollen 

Purple fl owers Purple 
Gene Egg 

White 
Gene Egg Purple fl owers White fl owers 

Purple fl owers 

White Genes Pollen 

 
The result was a mix of both 
kinds of plants. He repeated 
this experiment several times 
and found that, each time, for 
every white-fl owered plant, 
there were three plants with 
purple fl owers.

Mendel realised that 
whatever the colour of the 
fl owers, the plant contained 
the potential to have either 
white or purple fl owers.

They just took on the 
colour that was stronger (or 
dominant) — in this case, 
purple.

So why were some plants 
white? The plants produced 
two kinds of pollen and 
eggs, one that would make 
a purple-fl owered plant 
and the other bearing white 
fl owers.

Dr Hasan from the National Centre for Biological Sciences explains how 
DNA works:
"At some level, it all has to do with chemistry. DNA makes copies of itself, 
and gives instructions to the cell to change into the kind of cell it has 
to become — a liver cell, a blood cell or a brain cell. When you go to a 
library, you open books that are relevant to your research. Even the cells 
open only that part of the genetic information that is needed to perform 
the functions of the specifi c organ."

How Genes Work
Genes are blueprints for building cells.

Each human cell has 23 pairs 
of chromosomes. These 
contain DNA, which carry 
genes. Each strand of DNA 
can replicate itself into a new 
strand. 

If the DNA of one cell was laid 
out, it would be more than six 
feet long!
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Feather-light
Helicopter

You will need:

Step 1

Step 2

Step 3

Cut the feathers so that they are all of 

the same length.

Tie four feathers using metal wire to the end 
of the broomstick to 
form a cross-like 
propeller.

p

Spin the broomstick and let go to 

Want to make a helicopter with feathers? 
The design we are using dates back to the 
Middle Ages. While no one knows for sure 

metal wire and strong thread

Broomstick

Step 2p

Tie four feathers usinBroomstick

DO IT
YOURSELF

by Chaitanya Krishnan

St

StSt
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a
a
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Step 4 Step 6

Step 5 Step 7Step 5

Tie four more feathers in the same way as 

broomstick. 
up. Do this by holding the bow in one 
hand and rotating the feathers with the 

around the main broomstick. 

p 5

Take another broomstick and some strong 

around the main broomstick once or twice to 

attach it to the bow.

Make another loop using metal wire to hold 

the main broomstick in place. But wind the 

wire loosely so that it can spin freely.

w.

loop the 
bowstring 
like this

loose 

wire

one (step 3). But it’s fun making it 

project’.
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Super
freaky 
Gizmos

Super
freaky 
Gizmos

Super
freaky 
Gizmos

What would you say 
if someone told 
you that a vending 

machine in Cape Town, 
South Africa, doles out iced 
teas in exchange for a tweet? 
Call it a very late April Fool’s 
Day joke? 

Not so fast – meet bev, 
the world’s first Twitter-
activated vending machine. 
This hi-tech machine – 
where you pay for a cold 
drink with tweets instead 
of cash – was developed by 
South African soft drinks 
company, bos Ice Tea. This is 
how it works: if you stand in 
front of it and send a Twitter 
message with the hashtag 
#bostweet4t, it dispenses a 
free iced tea (the # symbol 
is used to specify topics on 
Twitter)! The display monitor 
shows the screen name of 
the Twitter user, followed by 
some flashing lights, and a 
recorded voice that tells you 
to enjoy your drink. Simple 
enough, right? But that’s not 
the whole story. bev will only 

provide a free drink if the 
tweet comes from a location 
close by. 

So someone tweeting from 
Jaipur, Perth or Cairo can’t 
get the machine to pop out 
cold drink cans. bev checks 
the location of the tweet, and 
dispenses drinks only if it 
falls within the configured 
area. 

The tweet machine

by Payal Dhar

WACKY
TECH

Tweeting is catching on in 
the non-living world as well. 
Why, in 2011, British product 
designer Chris McNicholl 
created a TweetingSeat, 

an interactive park bench 
that tweeted pictures of 
people who sat on it. What’s 
next? Tweeting toasters and 
Facebook-ing footstools?

Anyway, you now know what 
to do if you find yourself 
thirsty and short of change 
in South Africa: just tweet 
for tea. Such is the power of 
social networking.
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What keeps you 
dry, boosts your 
cellphone signal 

and also charges your 
phone? British telecom giant 
Vodafone has the answer – 
the Booster Brolly. 

This is the name given to 
a fancy umbrella designed 
by Vodafone. In its low-tech 
avatar, the Booster Brolly 
protects you from the rain 
and keeps you shaded from 
the Sun. But should you find 
your phone low on battery, 
it will also charge it! And if 
you’re having trouble with 
signal strength – fear not, 
the Booster Brolly doubles, 
sorry, triples up, as an 
antenna. Oh, and it’s also 
supposed to have a built-in 
torch.

Developed at the University 
College of London, the 
Booster Brolly looks like a 
regular umbrella. It has a 
sturdy carbon fibre skeleton 
and a bright red canopy 
splashed with the Vodafone 

Triple-purpose umbrella

logo. However, the canopy 
also conceals 12 lightweight 
solar cells that convert 
sunlight into electrical 
energy. The current is 
transferred to rechargeable 
batteries located in the 
handle. The umbrella can 
also be used to charge a 
mobile phone from a usb port 
in the handle. The inventors 
claim that the Brolly can 
charge any handset within 
three hours.

The top of the umbrella’s 

central pole conceals an 
antenna. It uses the power 
generated by the solar cells 
to boost cellphone signals 
within a 1m-radius. All this 
seems like a lot of work for 
an umbrella. However, the 
Booster Brolly weighs a 
modest 800g. The gadget is 
currently under trial in the 
uk. Availability and pricing 
have not yet been disclosed. 

Now here’s an umbrella that 
even James Bond would want 
to get his hands on! 
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PART 6

Following the violent death of Wilbur Whateley in the 
library of the University of Arkham, a large number 
of books were found in the now-empty Whateley house. 
They were brought to Dr Henry Armitage, Arkham's 
chief librarian and a renowned translation expert.

The journals were all in a language that had baffled 
every expert of languages, both ancient and modern. 
It resembled the texts that had been recovered from 
the dead civilisation of Mesopotamia. 

Dr Armitage believed that the texts were in 
English. And that the symbols were ciphers 
used in place of the regular alphabet. He set 
out to translate Wilbur’s journals on his own.

Adapted by Sunando C  f rom 
HP Lovecraf t ' s  The Dunwich Horror 
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These were the journals of that dead 
monster Wilbur Whateley! The 
symbols had been written by his own 
hand: 

“They do not like me 
because they came 
from air and I from 
the Hill. Grandfather 
had me saying the Dho 
formula last night and 
as i repeated it, i saw the 
hidden, inner cities at 
the two magnetic poles. 
One day, after the earth 
is cleared, i will go to 
those cities. "

Dr Armitage spent several months at this task and 
would often reach some breakthrough, only to find 
himself stuck yet again. Finally, one day in the 
autumn of that year, the clouds cleared. Certain 
letters emerged definitely and unmistakably. 

August 2012 27

Brainwave August 2012 Issue 08 .indd   29Brainwave August 2012 Issue 08 .indd   29 7/19/2012   5:50:01 PM7/19/2012   5:50:01 PM



“the voices All tell me 
that it will be many 
years before the earth is 
cleared and grandfather 
will be dead by then. so 
i will have to learn all 
the angles and planes 
and formulaE by myself. 
They will help from 
Outside, but They cannot 
take up a body without 
Human Blood. "

“I can see the one upstairs 
when I make a Voorish 
sign* or blow the Ibn Ghazi 
powder** at it and it looks 
JUST like them when they 
came to the Hill at May-
Eve***. It looks like the 
one upstairs may be the 
right cast OF BODY for 
Them.”

“I wonder how I 
shall look, when 
the earth is cleared 
and no earth 
beings remain.”

*A type of gesture **Powder which reveals invisible beings
***Also known as Beltane, the day of an ancient Gaelic festival28
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Weeks went by as Dr Armitage 
feverishly translated the numerous journals. 
He barely ate and never slept, and when 
his physical tiredness made him drowsy, 
a tangle of nightmares that he now knew 
to be hideous and true and a menace to 
all human existence, would rouse him.

When his fever cleared, he summoned 
Dr Rice and Dr Morgan. All 
three had seen the sight of Wilbur 
Whateley’s horrible, mutated corpse on 
the floor. And when Dr Armitage told 
them of what he had discovered inside 
the journals, they did not for a second 
disbelieve him.

Nearly comatose at the end of the enormous 
task, a mad and feverish Dr Armitage was 
heard to shout while he slept:  

“Stop them! StoP them! 
The whateleys meant to 
let them in and the Worst 
of them is left still! 
The farmhouse must be 
destroyed!
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The men worked for a week, comparing formulae and 
mixing chemicals. Days were spent in research and 
experiments. A deeper study of the journals brought many 
changes to their plans, but they knew that no amount of 
preparation was enough for the uncertainty of what they 
would face. 

The doctors decided not to inform the 
authorities for they knew that whatever it was, 
the nature of the threat could simply not be 
believed by someone who had not experienced 
for himself the creeping reach of the Dunwich 
Horror. 

TO BE CONCLUDED...
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Hunt 
for the 
Higgs 
Boson

HERE'S
HOW

The Globe of Science and Innovation at CERN is located in Geneva, on the 
France-Switzerland border; image by Henry Mühlpfordt

by Aparna Kapur & Dr Utpal 
Chattopadhyay / Curiouscity

Who’s Higgs, can protons 
collide and answers to 
other puzzling questions 
about invisible particles

         The mass of any 
particle depends on how 
it interacts with the Higgs 
particle.

M atter is made up 
of molecules, and 
molecules are made 

up of atoms. Looking deeper 
inside atoms, scientists 
realised that they are, in turn, 
made up of fundamental 
bodies like electrons and 
protons. Next, they found that 
protons are made up of even 
more elementary particles 
called quarks. More intensive 
experiments revealed that 
each of these assorted 
particles has a field or a sort 
of ring that surrounds it, 
and that particles interact 
with each other and even 
exert force over one another 
through these fields. 

The Higgs funda 
Having discovered such 
a jungle of particles and 
forces, scientists began to ask 
whether there was a simple 
way to unify them. They also 
wondered why different types 
of particles had different 
masses. While puzzling 

over these questions, British 
physicist Peter Higgs as well 
as several other scientists 
in the 1960s stumbled upon 
the likely presence of a 
whole new particle called 
the ‘Higgs particle’. Its field 
was labelled the ‘Higgs 
field’. Researchers put forth 
the theory that all the other 
particles got their masses 
by interacting with the 
Higgs field. So the mass of 
any particle depended on 
how it interacted with the 
Higgs particle. A few more 
twists and turns later, this 
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A computerised depiction of a proton-
proton collision, with four electrons 
being released as fi nal products; image 
by CERN

Inside the Large Hadron Collider; image by Conrad Melvin

h 
l 

all-important particle was 
christened the ‘Higgs boson’.

Missing particle
Sometime in the early 
seventies, physicists were 
able to provide a unified 
theory, tying together all 
fundamental particles and 
their interactions. This 
new theory was called the 
‘Standard Model of particle 
physics’. Over the next few 
years, it was proved that all 
the particles proposed by this 
model did, in fact, exist. The 
only piece missing was the 
Higgs boson. Scientists had 
been unable to find it!

 
Underground search
The answer to the Higgs 
boson mystery lies in a 27km-
long underground tunnel in 
Geneva. In this tunnel is a 
gigantic instrument called 
the Large HadronG Collider 
(lhc) set up by the physicists 
at the European Centre for 
Nuclear Research (cern 
for short) in Switzerland. 
Basically, the lhc’s work is 
to accelerate particles. By 
doing this, physicists hope 
they can create the Higgs 
boson. But creating the Higgs 
boson is terribly complicated 
business. For one, the 
particles need to have very 

high energy. To accomplish 
this, the lhc generates 
beams of very fast-moving 
protons (up to 8 trillion 
eVG) travelling in opposite 
directions. They are then 
made to collide head-on. 

There’s another tricky aspect 
to creating the Higgs boson. 
The lifetime of this particle 
is about 0.0000000000001 
seconds (that is, ten-
thousandth of a billionth of 
a second!). Once created, it 
almost immediately decays 
or changes into other 
particles, which then decay 
or transform further. So the 
products of lhc collisions 
only hint at the possible 
presence of the Higgs boson. 
But last month, in a ground-
breaking moment, cern 
announced that the lhc had 
uncovered the presence of 
a particle with properties 
similar to those expected 
from the Higgs boson! And 
with this, the missing piece 
in the Standard Model of 
particle physics has been 
found. Now all we have to do 
is arrange the pieces! 
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Failing 
Memory

by Radha HS

L ekha got home and 
immediately sat down 
to write her journal. 

She liked to keep an account 
of her purchases before the 
details slipped her mind. 

This morning she had bought 
fi ve artefacts: a bronze statue, 
brass lock, silver pendant, 
ceramic bowl and a wooden 
mask. She had purchased 
each item from a different 
shop (emporium, antique 
dealer, secondhand shop, 
junkyard and a fair). Every 
purchase was made from 
9am to 1pm, on the hour. Can 
you determine where each 
artefact was purchased and at 
what time? 

1. Lekha made one purchase 
at the fair sometime before 
noon. The hand-painted 
ceramic bowl was not stocked 
at the emporium. Two hours 

after Lekha purchased the 
brass lock, she purchased the 
ceramic bowl. She walked 
into the emporium after 
having lunch.

2. Neither the ceramic bowl 
nor the silver pendant was 
purchased at the secondhand 
market. And neither the 
wooden mask nor the bronze 

Item

Solution Table

Bronze statue

Brass lock

Silver pendant

Ceramic bowl

Wooden mask

Second hand market

Junkyard

Fair

Antique dealer

Emporium

9:00 AM

10:00 AM

11:00 AM

Noon

1:00 PM

LocationTime

statue was purchased at the 
junkyard. Lekha purchased 
the brass lock before the 
silver pendant, but after 
buying the bronze statue. She 
made one of her purchases 
after 11am at the antique 
dealer’s. 

3. Lekha did not purchase the 
bronze statue at the antique 
dealer’s, nor was it purchased 
at the emporium. All the 
walking around made Lekha 
hungry. She had lunch after 
buying the silver pendant at 
11am. The wooden mask was 
bought one hour after or one 
hour before the ceramic bowl. 
She visited the junkyard after 
the secondhand market, but 
before stopping at the fair. 
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1 2 3 4

5

6

7 8

9 10

11 12

13 14

15 16

Send us your completed crosswords and give us your feedback! Write to brainwave@ack-media.com. 
See the solutions to the July crossword ‘The Reel Story’ at www.bwmag.in/solution-reel-story.

The Case of X and Y
D

M

ACROSS
2. To modify genetically (6)
4. Embryo containing X and Y chromosomes 

grows into this (3)
5. Units of inheritance (5)
6. A haploid honey bee (5)
7. Evolution of this gene made humans 

trichromatic (5)
9. The exact position of a gene on a 

chromosome (5)
11. A characteristic that you can inherit (5)
13. A, B and O are types of ____. (5)
15. Ancestor of the hominids (3)
16. A diff erent version of the same gene (6)

DOWN
1. The father of modern genetics (6)
2. ____phase: the last stage of mitosis (4)
3. Identical twins come from a single ___. (3)
4. Osteoporosis is the degeneration of ___. (5)
8. ____ versus nurture — which determines 

our behaviour? (6)
10. A genetic copy (5)
12. Some teenagers have this all over the face, 

some don't (4)
14. A,T, G and C in the form of a double helix (3)

by Veena Prasad
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Student’s Name:                                                                 
Guardian’s Name:                                                               
Date of Birth:           (DD MM YYYY)
Address:                                             
                                                                                                
                                                                                                
City:        PIN:                                       
State:                                                                                     
School:                                                                                  
Class:                                                                                     
Email (Student):                                                                  
Email (Guardian):                                                               
Tel of Guardian: (R):                                                           
Mobile:                                                                                  

      CREDIT CARD
Card Type: Visa MasterCard
Please Charge `425 to my Credit card 
Number below:

Expiry Date :

      CHEQUE/DD

on (bank)                                                                   ,
for the amount                          ,     
dated 

      CASH: `                         
Submit this form along with your payment to the 

Parent’s Signature:

Cardmember’s Signature:

SUBSCRIBE NOW!

Pay only ` 600 425!
Get 12 issues of

29%
off

Why pay `50 every month (that’s `600 a year) 
at your news-stand to enjoy Brainwave?

YOUR DETAILS*

PAYMENT OPTIONS

ONLINE SUBSCRIPTION

PAY just ` 425* now, and every month, for the 
next 12 months, you’ll get 40+ pages of

Incredible Ideas
Easy-to-do Experiments

* Publisher at its sole discretion shall have the right to 

us at
ACK Media Direct Pvt. Ltd., 
Raghuvanshi Mills Compound, Senapati Bapat Marg, 

brainwave@ack-media.com
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p05
Diff raction: the process by which light 
produces patterns after passing through a 
geometric structure, like a narrow slit

Crustacean: an invertebrate group of 
animals that includes crabs, lobsters and 
shrimp

p10 
Ig Nobel prize: prizes given annually to 
people whose unusual achievements “fi rst 
make us laugh, and then think”

Darwin award: named after Charles 
Darwin, this award is given to people who 
“do a service to humanity by removing 
themselves from the gene pool”; given, in 
other words, to people who get killed while 
doing something really, really dumb!

p15 
Embryo: the stage of an animal when it is 
growing in an egg or in its mother’s body

Umbilical cord: a fl exible cord that connects 

40

GLOSSARY 
OF TERMS

a foetus to its mother, through which it gets 
food and throws out waste

Placenta: a fl at organ in the uterus that 
connects the mother to the foetus through 
the umbilical cord and supplies it with food 
and oxygen

p16
Bioluminescent: organisms that naturally 
exhibit light

p20
Crossbred: fertilised the seeds of one plant 
with the pollen of another

Self-fertilised: fertilised the seeds and 
pollen from the same plant

p33
Hadron: an elementary particle, like a 
proton, that interacts strongly with other 
particles

eV (electron volt): a unit for measuring the 
energy of subatomic particles

Notes
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p20
 Trash Vortex!

p10
 Marching Jumbos!

p16
 Spinning Cyclones!

p12
 Triangular Travels!
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Cover artwork by 
Vinayak Varma

Vol. 01  |  Issue 09  |  September 2012

Editor & Art Director
Vinayak Varma

vinayak@bwmag.in

Dear Viewer,

W elcome to this edition of Brainwave. Let’s look 
at the weather. September is here, bringing with 
it lots of interesting seasonal weather. In this 

corner here, coming in from the east, is some weather. 
In the north, over here, we have another brief spell 
of weather. Bucking all trends, however, this north-
easterly bit of weather is not as weather as last year’s 
weather trends had projected. Also from the south and 
the west, and all points in between, is a whole bunch of 
other weathery stuff. So be prepared and always carry 
an umbrella.

That was today’s weather forecast. And now, our top 
stories. In today’s main segment, Brainwave profiles the 
world’s greatest traveller: Wind. Wind, our reporters 
have found, goes everywhere, giving shape and 
direction to landscapes, climates, habitats and human 
events. So little is understood about it: predicting its 
movements is like playing tennis while blindfolded. 
(Which explains why our weather segments are so 
rarely on the ball.)

Our second segment covers a lot of ground in pursuit 
of Geography, the oldest friend and collaborator of 
Wind. Geography, of course, has long been the publicist 
for Earth, since back in the good old days when they 
were still playing rock’n’roll. Finally, we wind up this 
broadcast with the spectacular final chapter of Sunando 
C’s ‘It Lived in Dunwich’. Coming up, after the break!

I’m Vinayak Varma, and this is Amazing Science.

Weather or Not
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Climate is what we expect, weather 
is what we get. 
Mark Twain

How do sheep keep warm in winter ? 
Central bleating!

Weather forecast for tonight: dark. 
George Carlin 

The storm starts, when the drops 
start dropping. When the drops 
stop dropping then the storm 
starts stopping.
Dr Seuss 
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In which we get swept 
away by stormy 
climatic forces and get 
taken for a merry ride 
around the Earth 
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Words tagged with a G are explained in the Glossary at the end of the magazine.
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Researchers from the Wildlife 
Conservation Society (WCS) 
in Argentina, South America, 
recently fi tted a tiny camera 
behind the head of an imperial 
cormorant. But why did the 
WCS lavish this black-and-white 
sea bird with all this attention? 
Because of its astonishing 
diving prowess! Recordings 
showed that the cormorant 
dove to the ocean fl oor, 150ft 
below the surface, in 40 
seconds fl at, using its head to 
propel itself forward. Once it 
landed on the ocean fl oor, it 

“Nothing is too wonderful 
to be true if it be consistent 
with the laws of nature,” said 
Michael Faraday. Faraday is one 
of the best-known scientists 
in history who gave us the 
concepts of electromagnetic 
fi elds and diamagnetismG, 
the laws of electrolysis, 
described the relationship 
between magnetism and light, 
invented electromagnetic 
devices that have now 
developed into motors and 
discovered benzene! And this 
is just an abridged version 

What is the Yuri Milner 
Fundamental Physics Prize? 
Only the largest academic prize 
in the world! The prize money 
for each winner is a whopping 
$3 million, more than twice 
the award off ered by the Nobel 
Prize. And we are proud to 
share that Prof. Ashoke Sen, 
a physicist from the Harish 
Chandra Research Institute in 
Allahabad, Uttar Pradesh, is 
among the nine winners chosen 
for this prize, awarded for the 
fi rst time in 2012. Prof. Sen is a 
Fellow of the Royal SocietyG of 
London, and his studies on the 
string theoryG have been widely 
appreciated around the world. 
The recipients of this year’s 
prize will now pick the winners 
for 2013. FYI: The award was 
established by Russian physics 
student Yuri Milner, who got 
rich investing in internet-based 
companies.

Fishy Diving Feats

Multimillionaire Nerds

CUT
PASTE

Imperial cormorant; image by Liam Quinn

stuck around for 80 seconds, 
at the end of which it caught 
a fi sh. In the next 40 seconds, 
the cormorant was back at the 
water’s surface with the fi sh 
fi rmly in its beak. If you’d like to 
watch video footage, log on to 
http://goo.gl/09MQZ. via Wildlife 
Conservation Society

Happy Birthday Faraday!

of Faraday’s achievements! 
September 22 happens to be 
the English physicist, chemist 
and mathematician’s birthday. 
You can celebrate Faraday’s 
birthday by reading about his 
amazing life. We recommend 
Michael Faraday, Father of 
Electronics by Charles Ludwig.

Michael Faraday
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Usain Bolt’s impressive 100m 
dash, completed in 9.63 
seconds, fetched him a gold 
medal in the London 2012 
Olympics. With this win, Bolt 
became the fi rst sprinter in the 
last twenty years to win the 
Olympic gold consecutively. 
Meanwhile, in the Cincinnati 
Zoo in Ohio, USA, 11-year-old 
Sarah has set a record of her 
own. This young cheetah has 

Cheetahs Always Win

When printers aren’t used 
for a while, the ink dries 
up and forms a crust over 
the nozzle. Annoyingly, this 
clogs the printer. Unclogging 
it requires fresh ink to be 
squirted through. But this is 
an expensive proposition as 
printer ink is not exactly cheap. 
Luckily for us, an engineering 
professor from the University 
of Missouri in the US has come 
up with a clever solution. Jae 
Wan Kwon’s remedy is inspired 
by the human eye. Drawing a 
parallel between the exposed 

Eye of the Printer
Curiosity landed on Mars last 
month. The size of a small SUV, 
it is the largest rover ever to be 
sent to another planet. NASA’s 
nuclear-powered roverG is a 
remarkable achievement for 
humankind. It was launched on 
November 26, 2011, and after 
a little more than eight months, 
Curiosity made a successful 
landing on the surface of the 
Red Planet. During its two-
year stint on Mars, Curiosity 
will collect samples of rocks 
and soil and study geology, 
weather and radiation patterns. 
All this will be analysed to tell 
us whether life ever existed on 
Mars, or is ever likely to.

Martian Curiosity

2. Sarah; image by Charles Barilleaux
3. Surface of Mars; image by NASA

1. Usain Bolt; image by Nick Webb

nozzle of the printer and 
the eye, Kwon mused that a 
fi lm, similar to the one which 
prevents the eye from drying 
up, would work with printers as 
well. Using a droplet of silicone 
oil to cover the nozzle, he has 
invented a hassle-free anti-
clog mechanism. via Journal of 
Microelectromechanical Systems

held the title of the world’s 
fastest land mammal since 
2009, completing a 100m sprint 
in 6.13 seconds. This year, she 
set a new personal best when 
she clocked an astounding 5.95 
seconds! The running styles of 
cheetahs are fascinating – they 
can cover more than 6m in one 
stride! via  National Geographic

1

3

2
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Part of the solution is to clean 
up the carbon. In nature, 
it is plants and trees that 
soak up carbon dioxide for 
their needs. But while we’ve 
been putting out increasing 
amounts of carbon, we’ve 

When we say ‘climate 
change’, we really 
mean ‘climate 

change caused by human 
activity in the last couple of 
hundred years’. We’ve been 
burning large quantities of 
coal, petrol and diesel for 
running factories, generating 
electricity and rushing about 
in vehicles. All this burning 
pumps carbon dioxide 
into the atmosphere and 
makes the Earth warmer, 
on average. This in turn 
affects the delicate systems 
of ocean currents and winds. 
It changes the chemistry of 
ocean waters, putting many 
marine plants and animals 
at risk. It causes ice to melt at 
the poles and increases sea 
levels. The result is chaos: 
unpredictable weather, 
floods, droughts and 
hurricanes, and plants, fish 
and animals going extinct. 
We are already seeing the 
effects of climate change and 
they’re only getting worse.

Laizah Maureen Cruz asks, “Can we really fi nd a 
solution to climate change? If so, how?”

by Srinath Perur

also been destroying forests. 
So, one way of addressing 
climate change is by 
protecting forests.  

But the most important 
thing we can do is burn less 
fuel. This means developing 
better engines for cars and 
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planes, improving public 
transport, and generating 
electricity from sources such 
as wind, flowing water and 
the Sun, rather than burning 
coal. Efforts are on in these 
directions across the world, 
including India. (The largest 
solar power station in the 
world is the Charanka Solar 
Park in Gujarat.) 

As of today, though, most of 
the energy used in the world 
comes from burning fuel. 
The reason being, coal and 
petrol are still quite cheap. 
But as renewable energy 
technologies improve, and 
as the Earth’s reserves of 
fuel get smaller, solar or 
wind energy might actually 
become cheaper. That will be 
a turning point in managing 
climate change.

Governments and large 
companies, who can make 
a difference, often deal with 
the issue of climate change 
like school kids putting off 
homework. We can remind 
them from time to time. We 
can also walk or cycle short 
distances, use buses and 
trains over cars and planes, 
and, of course, plant trees. 
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Go Fly a Kite
by Aparna Kapur

To make a kite, you will need:
 Two thin bamboo sticks (55cm 

and 60cm)
 Big polythene bag or sheet of 

newspaper
 Strong, thin string
 Glue
 Tape
 Scissors

1. Cut open a polythene bag and spread it fl at. 
(You can also use a sheet of newspaper.) Now, 
cut it into a square, with each side measuring 
39cm. Fold it along the diagonal to make sure 
that the sheet is symmetrical.

2. Take a bamboo stick (with the same length 
as the diagonal of the square, i.e., 55cm) and 
stick it along the diagonal. Use tape to keep 
it in place.

3. Take another bamboo stick, about 60cm long. 
Paste one end to the edge of the second 
diagonal. Bend the stick gently, till its other 
end lines up with the opposite edge of the 
diagonal, and tape it. 

Method:

39 cm
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4. Make a hole on either side of the overlapping 
sticks, near the top end of the kite (see 
picture). Pass a piece of string through the 
holes and make a knot.

5. Measure the distance of the holes from the 
uppermost tip of the kite. Leaving a little 
more than that distance from the bottom tip, 
make two holes (see picture), pass the other 
end of the string through them and make a 
knot, like the previous one.

6. Tie a knot at the centre of the string so that it 
doesn’t sag. 

7. Now, attach another string to this knot. This 
needs to be a long string. Roll the excess 
string over a piece of wood to keep it wound. 
Your kite is ready to take off  into the sky! 

A
rtw
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Tips for Kite Flyers 
∙ Make sure you fl y the kite when there’s enough breeze outside.
∙ As soon as you let the kite go a little, it should start to rise up. Take in some 

of the string to make the kite turn upwards.
∙ Let more of the string go, bit by bit, and the kite will soar higher. 

d 
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PLUS
MINUS

by Dr Utpal Chattopadhyay / 
Curiouscity

Email your answers to brainwave@ack-media.com and look out 
for the solution in the next issue of Brainwave. Happy puzzling!

A
rtw

ork: Anuranjini Singh

Four elephants travelling on a very narrow ledge encounter four  
more elephants coming the other way.

The elephants can’t turn backwards, as they find themselves on a 
precarious ledge. And so they need to clamber over each other to 
move ahead, but only if there is an elephant-sized space on the 
other side.

How can all the elephants pass (without reversing), allowing both 
groups to go on their way?

Hint: It may be easier to crack this puzzle if you try it with two 
elephants, and then three elephants, on each side. 

The two groups now face each other with exactly one elephant’s 
width between them.
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In which we get swept 
away by stormy 

climatic forces and get 
taken for a merry ride 

around the Earth 

COVER
STORY

A
rtw

ork: Anuranjini Singh

r  

a 
to 

th 

s 

September 2012 11

Brainwave September 2012 Issue 09 .indd   13Brainwave September 2012 Issue 09 .indd   13 14-08-2012   16:47:2514-08-2012   16:47:25



I t’s hard enough drawing 
triangles on paper in 
geometry class, but 

imagine tracing them across 
the length of India. And as a 
result, fi guring out the height 
of Mount Everest for the fi rst 
time! That was exactly what 
the Great Trigonometrical 
Survey of India accomplished 
in the fi rst half of the 19th 
century.

It all began when British 
surveyor, William Lambton, 
proposed a scientifi c project 
to study the shape of the 
Earth. Back then, it was 
known that the Earth was 
more curved at the Equator 
than at the poles, but no one 
really knew by how much. 

It was thought that measuring 
the distance covered by one 
degree of latitudeG at various 
places, would give a better 
idea of the Earth’s shape. 
This project soon turned into 
the Great Trigonometrical 
Survey – meant to fi nd the 

exact latitude and longitudeG 
of places in India and the 
distances between them.

The idea was simple enough. 
Say you know the distance 
from place A to place B. If you 
can measure the angles from 
A and B to another place C, 
then trigonometryG will let you 
fi nd the exact distances from 
A and B to C. This method 
is called triangulation. The 
newly calculated distance can 
become the base of the next 
triangle, and so on, letting you 
build a chain of triangles.

And so the Great 
Trigonometrical Survey 
kicked off from Madras 
in 1802 – its latitude and 
longitude had been plotted 
through astronomical 
observations. The fi rst 
distance the team measured 
was a 12km stretch from 
St. Thomas Mount to 
Perumbakkam Hill. A 100-
foot long chain was used as 
the measuring instrument. 
The group even carried 
thermometers to account 
for the effect of temperature 
on the chain’s length. It was 

by Srinath Perur

What trigonometry and British surveyors have 
to do with the Earth’s shape and measuring 
Mount Everest
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GreatThe

Triangular
Escapade
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To be cont inued . . .

d 

 

critical for the baseline to 
be accurate or any further 
calculations would be off the 
mark.

Starting from this 12km 
baseline, Lambton and 
his team proceeded to 
construct triangles across 
southern India, connecting 
the coasts on the east and 
west. Eventually, the survey 
planned to cover the length of 
India, from Kanyakumari to 
the Himalayas.

While the method used was 
simple in theory, in practice, 
there were complications. 
Apart from needing to be 
precise in their calculations, 
the surveyors also had 
to take into account the 
Earth’s curved shape. This 
meant doing some complex 
calculations. (Remember, 
calculators and computers 
hadn’t been invented then.) 
To measure angles, the team 
used an instrument called 
a theodolite. The half-ton 
(about 450kg!) device had 

to be lugged to the top of 
houses, hills or towers, so that 
a farther view could be had. 
The theodolite alone required 
a dozen men to carry it. Once, 
as the theodolite was being 
hoisted up the gopuram of 
the Thanjavur temple, it 
crashed and got damaged. 
The survey team resembled 
an army at times, with 
horses, elephants, camels 
and hundreds of men. They 
often had to trek through 
jungles, encountering 
snakes, scorpions and tigers. 
Sometimes kings would 
not give permission to the 
surveyors and had to be 
pleaded with. In some areas, 
the local people felt insulted 
because they appeared 
upside-down when seen 
through the theodolite! 

Kilometres of measurements 
had to be repeated when 
errors were discovered. When 
visibility was poor, surveys 
were carried out at night 
using powerful lanterns. 
Many men died along the 

way from malaria and other 
illnesses. Lambton himself 
died in Maharashtra in 1823 
and his assistant George 
Everest took over. By the 
time Everest retired in 1843, 
the survey had triangulated 
2400km from south to north, 
from Kanyakumari to Nepal. 
The triangulation had been 
extraordinarily accurate, off 
by less than an inch per mile. 

Everest’s successor, Andrew 
Waugh, took the survey into 
the Himalayas. Till then, it 
was thought that the Andes 
in South America was the 
highest mountain range 
in the world. The survey 
established that this title went 
to the Himalayas instead. In 
1856, Waugh found the height 
of a mountain, known as Peak 
XV, to be 29,002ft. He named 
it after his predecessor. 
Waugh’s chain measurements 
and handwritten calculations 
were not all that far off. 
Mount Everest, the highest 
peak in the world, is now 
measured at 29,029ft. 

A
rtw

ork: Anuranjini Singh

r

September 2012 13

Brainwave September 2012 Issue 09 .indd   15Brainwave September 2012 Issue 09 .indd   15 14-08-2012   16:47:2514-08-2012   16:47:25



The Americans 
wanted a satellite 
of their own and 
were curious about 
Sputnik.

They 
watched it 
even more 
than the 
Russians 
did.

Budding physicists at Johns 
Hopkins University sat up 
with lots of coffee, tracking 
Sputnik for hours.

MULTI
VERSE
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Sputnik was designed to 
be easily detectable (else 

nobody would believe it was 
even up there). Guier and 
Weiffenbach tuned into its 

rather noisy 20MHz  beep 
using a regular boxy radio 

set.

It’s 
beautiful!

People listened to the beeps over and over, reassuring themselves 
that mankind had really, truly sent an object up into space.

By noting pages and 
pages of beep time 

intervals. . .
. . .  and feeding it all into a 
computer, they plotted Sputnik’s 
speed, trajectoryG and location at 
any given time.

say fellas, now that you know where 
sputnik is compared to your location on 
earth, can you find out where you are if 

you know sputnik’s location?

Guier and 
Weiffenbach gulped 
down several more  
mugs of coffee 
and worked out 
the answer, now 
called the Global 

Positioning System 
or GPS for short. 
It tells you exactly 
where you are by 

referencing the known 
position of several 
artifi cial satellites 

around 
the Earth.

It’s possible 
you can 
never be 
lost 
again.

no, it’s 
the other 

way.

hmm
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D id you know that there 
are no cyclones near 
the Equator? And 

did you know that cyclones 
always spin anticlockwise in 
the Northern Hemisphere and 
clockwise in the Southern 
Hemisphere? All this is 
because of something called 
the Coriolis force.

Imagine a gramophone 
record playing. (If you don’t 
know what that is, think of 
a large and slowly-spinning 
primitive cd.) Now, picture 
drawing a straight line from 
the centre of the disc to its 
edge with a piece of chalk. 
Once it stops spinning, you 
will notice that your straight 
line has actually curved away 
from the direction in which 
the disc was spinning.

This can make your head spin
For similar reasons, two 
people on a merry-go-round 
will fi nd it hard to toss a ball 
back and forth. One could 
toss the ball straight to the 
other, but the person will 
move away before the ball 
gets there. To those outside 
the merry-go-round, the 
ball travels more or less in a 
straight line. But to the duo 
playing on the merry-go-
round, the ball will appear to 
have curved away. Again, this 
is due to the Coriolis force.

Now, we’re all on this giant 
puffed out merry-go-round 
called the Earth. Since it is so 
large, the Coriolis force is not 
too obvious in our day-to-day 
lives (or ball sports would 
have been much more fun). 
But it exists. Planes have to 
account for it, or they’d miss 
their destinations. It’s also the 
reason why moving objects 
tend to curve right in the 
Northern Hemisphere and left 
in the Southern Hemisphere. 

The Coriolis force plays a 
huge role in shaping the 
Earth’s weather and climate. 
By defl ecting moving pockets 
of air, it shapes the system 
of winds. This includes the 
Westerlies and the trade 
winds that fi rst allowed ships 
to sail to new lands. These 

Coriolis eff ect on 
movement of wind

by Srinath Perur

winds and the Coriolis force 
in the seas contribute to 
ocean currents. 

It is the Coriolis force which 
determines which way a 
cyclone spins. A cyclone is 
formed in a low-pressure 
area by air rushing in 
from all directions. In the 
Northern Hemipshere, all 
this air tends to curve to the 
right, so cyclones swirl anti-
clockwise. (Think of a room 
with windows all around. If 
air entering from all of them 
tends to go right, you could 
soon have a pretty good anti-
clockwise cyclone going!) It 
works the other way in the 
Southern Hemisphere. And 
since the Coriolis force is low 
near the Equator, there are no 
cyclones there. 

16

Brainwave September 2012 Issue 09 .indd   18Brainwave September 2012 Issue 09 .indd   18 14-08-2012   16:47:2714-08-2012   16:47:27



A
rtw

ork: Som
esh Kum

ar

Text : Aparna Kapur; A
rtw

ork: Anuranjini Singh

0°

n

m 

-

w 
no 

September 2012 17

Brainwave September 2012 Issue 09 .indd   19Brainwave September 2012 Issue 09 .indd   19 14-08-2012   16:47:2714-08-2012   16:47:27



GEEK
SPEAK

Meet meteorologist, Professor J Srinivasan, who 
is the Chairman of the Divecha Centre for Climate 
Change at the Indian Institute of Science in 
Bangalore. The centre closely studies climate change 
and its impact on the environment. In a stormy 
conversation, Brainwave quizzes Prof. Srinivasan 
on rainfall, tsunamis, cloud-reading and other cool 
meteorological happenings. 

by Aparna Kapur
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Speaking of the

Weather

How accurate is weather 
prediction?
In the tropicsG, rainfall can be 
predicted accurately for up to 
two days ahead. But beyond 
two days, our ability to predict 
rainfall is poor because of 
rapidly growing atmospheric 
instabilities.

How exactly are weather 
forecasts made?
Forecasts are made by 
inputting certain types of 
equations, called ‘differential 
equations’, into a computer. 
These are based on the 
laws for conservation of 
momentum (Newton’s law), 
energy and mass.

What instruments do 
meteorologists use?
We use instruments to 
measure temperature, 
humidityG and rainfall. 
For instance, temperature 
can be measured by a 
thermometer (similar to the 
one used to measure body 
temperature). Then we use 
something called a resistor 
(a material whose opposition 
to the fl ow of current, or 
resistance, changes with 
the temperature) which 
is attached to a balloon, 
to measure temperature 
variations at different heights. 
Humidity can be measured 
using a material whose 
capacitance (which is its 
capacity to hold electrical 
charge) changes according to 
humidity levels.

When predicting the weather, 
what’s the fi rst sign to look 
for?
If you have a barometer 
(which measures pressure), 
you can predict the arrival 
of rainfall as pressure falls 
before the rain starts. You 
can also look at cloud images 
from satellite or radar data 
available on websites like 
www.imd.gov.in.

How do cyclone or tsunami 
warning systems work?
Satellites monitor cyclones 
very closely and this data 
can predict their paths quite 
well. Tsunamis occur because 
of earthquakes. So if there 
are pressure sensors at the 
bottom of the ocean, the 
arrival of a tsunami can be 
predicted.

T
s
in
th
L

18

Brainwave September 2012 Issue 09 .indd   20Brainwave September 2012 Issue 09 .indd   20 14-08-2012   16:47:2814-08-2012   16:47:28



e 

A
rtw

ork: V
inayak Varm

a

, 

s 

se 

What is the biggest 
achievement in meteorology 
so far?
The use of satellites and 
computers to predict weather. 

Have you ever noticed strange 
or unusual weather patterns 
while at work?
Every monsoon poses new 
surprises and puzzles!

Is cloud-reading a real science?
Our understanding of cloud 
formation and growth is still 
pretty basic, so I wouldn’t call 
it an exact science.

What makes the weather so 
fascinating?
Although we have made great 
advances in science and 
technology during the past 
hundred years, our ability to 
predict weather is limited. 
This tells us that weather is 
a complex phenomenon with 
many intricate interactions 
between the land, the oceans 
and the atmosphere. 

What does a typical day at the 
weather station involve?
I do not work at a weather 
station. Those who do, have 
to use instruments as well 
as satellite data along with 
predictions made by computer 
models. They have to put 
together all this information to 
make their forecast. 

The Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA’s Aqua 
satellite captured this image of Cyclone Thane, which hit southeastern India 
in December 2011. It killed 47 people, destroyed homes and crops and left 
thousands stranded and in need of emergency aid. Image by Jeff  Schmaltz, 
LANCE/EOSDIS MODIS Rapid Response Team at NASA GSFC
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A s Dr Dodo took over 
from the seaplane’s 
autopilot, the clouds 

suddenly parted, and a wet 
plastic bag flew in over the 
windscreen and caught in 
the hook of his beak.

“Waaaarrk!” he squawked, 
flapping at the bag. “Bleah! 
Gross! And that means we’ve 
reached. Time to land. Wake 
up, Arby! You need to see 
this.”

Hold your noses and stay close, as 
Arby and Dr Dodo guide you past 
the biggest trash bin in the world.

by Vinayak Varma

HERE'S
HOW
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“Eww, what’s that smell?” 
asked Arby, who was flying 
shotgun. “And where are 
we?”

“We’re at the Pacific Trash 
Vortex,” said Dr Dodo, 
narrowly missing an island 
of discarded toothbrushes 
and landing in the murky 
water with a splash. “The 
evillest place on Earth!” 

“This the largest 
concentration of trash in the 
world,” Dr Dodo continued, 

as the two Smarties climbed 
into their spare lifeboat and 
paddled out. “Nearly half the 
size of India!”

“Mind-boggling!”

“There are nearly 4 million 
tonnes of junk here - 
shopping bags, toiletries, 
bottle-caps, furniture, 
you name it - waste that’s 
floated in from surrounding 
countries. It’s mostly plastic, 
which is toxic, doesn’t 
biodegradeG, and just sits 
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there for thousands of years, 
killing birds, fish and plants, 
destroying the habitat of 
nearly 300 species in the 
area.”

“That’s horrible! Is India 
causing this too?”

“Well, this dump mainly 
comes from the usa and 
Japan. But there are other 
garbage patches. India’s 
waste mostly goes into the 
Indian Ocean Garbage Patch. 
If we aren’t careful, our 

vortex might one day become 
just as bad as this one!”

“Strewth! What will we do??”

“Recycle, reuse and reduce 
the plastic stuff we consume. 

Mainly, though, reduce!” 
Dr Dodo said. “Are you ready 
to leave? This place gives me 
the creeps!”

“Me too! And that rotting 
smell is making me gag! 
Let’s go!” 

The Pacifi c Trash Vortex sits in 
the North Pacifi c Gyre, between 
America and Asia. Gyres are 
huge systems of rotating ocean 
currents. One major cause of 
these currents is the Coriolis 
Eff ect (see p16)
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DO IT
YOURSELF

by Chaitanya Krishnan

Ever-spinning
Windmill
This month, we’ll show you how a real windmill 
points itself at the wind to keep spinning. This 
doesn’t happen with handheld paper fans (the ones 
the roadside balloon guy sells), which stop spinning 
when the wind direction changes.

You will need:
Metal wire, a pin, a fl at rock (or any hard, fl at 
and heavy object), chart paper, sticking tape, 
broomsticks, an empty toothpaste box   

Make a fan out of a sheet of paper and a pin, 
as shown here.

Attach the pin of the fan to the stick, like in 
the diagram below.

Cut a piece of chart paper in the shape of 
an arrow’s tail, and attach it to the other 
end of the stick.

Step 01

St

St

Step 02

Step 03

Pin

Broomstick

Sticking Tape

Use Sticking Tape

Fin
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Use metal wire to attach it to the middle of 
a second broomstick, such that both sticks 
are perpendicular to each other.

Poke holes through the centres of the 
boxes that make up the base. Make 
them big enough so that the stem of the 
windmill can move around.

When you place the windmill in the breeze, 
the fi n will turn it such that the propeller 
always faces the wind, and so will always 
spin. If the direction of the wind changes, 
the propeller will turn and face it, and 
continue spinning! 

Using a fl at rock as the base, build a 
structure (like in the picture) with the ends 
of a toothpaste box. 

Step 04 Step 06

Step 07Step 05

Brainwave
 Tooth

 paste

Sticking Tape

Wire
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CONCLUSION

In the months since Wilbur Whateley’s death, 
the town of Dunwich had been subjected to 
much. Bent trees and large tracks were found 
as though a strange, invisible, physical force 
had destroyed everything in its path. 

Livestock disappeared, and chewed remains 
were found littering the narrow, winding streets 
of Dunwich. The Whateley house had been 
destroyed - burnt down during a freak storm 
that had now settled at the top of the hill.

Flocks of whippoorwills had infested the 
skies above, their cackling, now a constant. 
Their wings covered what little light had 
made its way past the massive grey clouds.

Adapted by Sunando C 
f rom HP Lovecraf t ' s 
The Dunwich Horror 
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The three men from Arkham, Dr Armitage, 
Dr Rice and Dr Morgan climbed up Sentinel 
Hill. A frightened group of townsfolk 
watched the threesome ascend the hill through 
a telescope, which they passed around.

Curtis Sawyer had seen the creature that 
these men hunted. He saw it as it emerged 
from the ruins of the Whateley house. The 
horror of what he had seen had taken 
Curtis past all coherence...

 Bigger’n a barn! all 
made o’ squirmin’ ropes...
shaped like a hen’s egg, 
with lots of legs...
all like jelly... made of 
separate squiggling 
ropes! great bulging 
eyes... Ten or twenty 
mouths... all tossing and 
opening and shutting.
and god in heaven! 
its face! its face!

This vision proved to be too much for Curtis, and 
he collapsed before he could say more. He fell on 
the cool grass outside the ruin of the Whateley 
mansion into a slumber that had not yet broken as 
the men climbed the hill.
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At the top of the hill, the three men 
stood on the topmost ridge, facing 
the altar stones, but not too close to 
them. 
The townspeople saw them raise their 
hands above their heads, swaying 
and chanting as Dr Armitage read 
words from one of Wilbur Whateley’s 
journals. 

Their chanting grew louder, and 
could now be heard by the waiting 
crowds below. The whippoorwills 
too, joined in the chorus. Dogs in 
every farm nearby started barking as 
lightning broke the clouds and flashed 
in the purple skies.

Without warning, came deep, cracked, 
vocal sounds which will never leave the 
ears of those who heard them. These 
sounds were not from any human throat, 
for no human organ could produce such 
acoustic perversions.

“Ygnaaiih...ygnaaiih...
thflthkh’ngha...Yog-
Sothoth...Y’bthnk 
h’ehye...n’grkdl’lh,”
rang the hideous croaking. 
And then, in a flash of lightning, 
the clouds parted...

26
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The swaying and chanting grew more 
furious, the incantation coming to a 
culmination. 

“eh-ya-ya-ya-ya-yahaah 
- e-yayayayayaaaah...
ngh’aaaaa...ngh’aaaaaa...
HELP! HELP! FATher1 Father! 
yog-sothoth!”
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That was all. 

The assembled group, still reeling at the 
indisputedly inhuman appeal that they 

had just heard, were rocked violently by 
a lightning bolt which struck from the 
purple zenith and hit the altar stones.

Trees, grass and the underbrush were 
whipped into a fury. The foliage wilted to 
a curious sickly yellow-green that remains a 
characteristic of Dunwich to this day. And 
over field and forest were scattered millions of 
bodies of dead whippoorwills.
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People remembered Old Jacob’s horrifying 
words, many years ago. 

“Someday we’ll hear a child 
o’ Lavinny’s a-calling its 
father’s name on the top 
of Sentinel Hill. ” 

“Men have no business calling 
in such things from outside - 
forces that act and grow and 
shape themselves by other laws 
than those found in our nature. 
there was some of it in wilbur 
and more of this outsideness 
found in the thing. One needn’t 
wonder how wilbur called it out 
of the air. It was there from his 
birth. It was his twin, his brother, 
BUT it looked more like his 
father than he did. ”

Rumours abounded and stories spread about what 
had happened that season in Dunwich. But perhaps 
the truest account would come from the journals of 
Dr Armitage after his passing. 

Curtis Sawyer woke from his deep sleep, 
continuing to speak as though he had never 
been lost to slumber. 

“that half-face! With red 
eyes and albino hair like 
the Whateleys! It was an 
octopus-centipede-spider 
thing but it had the face 
of a Whateley!” 

THE END.
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KINGDOM
ANIMALIA

Nomads 
of the Sky

Considered to be the very symbols of migrationG, Common 
Cranes or Eurasian Cranes are regular winter visitors to north and 
northwest India. Every year, an estimated 75,000 Common Cranes 
travel to Kutch in Gujarat. Though their population is relatively 
stable, they’re threatened by habitat loss and degradation. These 
long-distance migrants usually arrive in Kutch in mid-September 
and leave in March/April.

by Nithila Baskaran

Featuring the long-
distance travellers of the 
avian world
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Sanderlings migrate to India in the winter, and their journey is 
one of the longest in the bird world. They are known to travel 
great distances, anywhere between 3000km and 10,000km. The 
distance from the sanderling’s breeding site to its wintering site 
almost stretches across 100 degrees latitude! Research has shown 
that it uses magnetic and weather cues to navigate. 

Mergansers (from the Latin ‘mergus’, meaning to dive, and ‘ânser’, 
meaning goose) are sea ducks which feed on fi sh. Found across 
parts of Europe, Asia and North America, these diving ducks, also 
called sawbills because of their serrated bills, are known to move 
away when rivers and lakes freeze in the winter. The Common 
Merganser is a resident of north India and is known to breed in 
the region. 
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Text by Rajita Gadagkar
Artwork by Somesh Kumar
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SOLUTIONS 
AND WINNERS

Solution to Cross Section, 
August 2012: The Case of 
X and Y

Solution to Plus Minus, 
August 2012: Open Sesame

1 Suppose you are a guest 
on a television game 
show and you are given 

a choice of three closed doors. 
The grand prize is behind one 
of the doors and if you choose 
that door, you win the prize. 
You pick a door. The game show 
host notes your choice but 
does not open the door. Since 
the host knows which door has 
the prize, he now opens one of 
the two doors that you did not 
pick and shows you that it does 
not have the prize. Now two 
doors remain unopened – your 
original choice and the door 
that the host does not open. 
The host now asks you “Do 
you want to change your mind 
and pick the other door?” The 
question is : Will switching your 
choice improve your chance of 
winning?

It turns out that switching 
your choice does improve your 

The minimum number of socks 
that you have to pick out is 
four. You will notice that the 
number 17 is a red herring.  
You will get the same answer 
even if you had a 1000 pairs 
each of red, blue and green 
socks. The crucial factor is the 
number of colours. There are 
three diff erent colours. Even 
assuming you picked three 
socks with three diff erent 
colours, as soon as you pick the 
fourth one, it has to match one 
of the previous colours. So you 
end up getting a pair! 

M U T A T E B O Y

E E G O

N L G E N E S

D R O N E E

E O P S I N

L O C U S A

L T R A I T

B L O O D C U

N N N R

A P E A L L E L E

chance of winning. Here’s why.
Let’s name the doors A, B and 
C.  Say the prize is behind 
door A.  Then there are three 
possibilities –

2 A bag contains 17 pairs 
of red socks, 17 pairs of 
blue socks and 17 pairs 

of green socks. You are asked 
to put your hand into the bag 
and pick out a number of socks 
without looking inside the bag. 
What is the minimum number 
of socks you must take out so 
that you are guaranteed to get 
at least one pair of the same 
colour?1. You pick A fi rst. The host 

opens B or C and shows you 
that there is no prize. You 
switch to C or B. You lose.

2. You pick B fi rst. The host 
opens C and shows you that 
there is no prize. You switch to 
A. You win!

3. You pick C fi rst. The host 
opens B and shows you that 
there is no prize. You switch to 
A. You win!

Notice that in two out of three 
cases, you win by switching and 
in one case you lose. So you 

are twice as likely to win if you 
switch your choice after the 
host opens the door. The same 
argument will hold if the prize 
is behind B or C, since there is 
nothing special about A. If you 
are not convinced, try to think 
of the modifi ed problem of 
1000 doors and a prize behind 
one of them. Once you pick a 
door, the host will have to open 
998 doors and show you that 
the prize is not behind them. 
Follow the same logic as before, 
and I am sure you will be 
convinced that switching your 
choice is a very good idea.
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p05
Fellow of the Royal Society: a core member of 
the Royal Society of London, one of the oldest 
societies for science 

String theory: one of the theories in physics 
that attempts to unify all forces and particles. 
It states that all subatomic particles are one-
dimensional strings

Diamagnetism: the property of a material to 
create a weak magnetic fi eld in the presence 
of an external magnetic fi eld in the opposite 
direction

p06 
Rover: vehicle for exploring extraterrestrial 
bodies

p12
Latitude: an imaginary line circling the Earth, 
parallel to the Equator

40

GLOSSARY 
OF TERMS

Longitude: an imaginary line circling the Earth, 
at a right angle to the Equator and connecting 
the North and South Poles

Trigonometry: a branch of mathematics that 
deals with the angles and sides of a triangle, 
and the relationships between them

p18
Tropics: the region of the Earth, centred 
around theEquator and characterised by hot 
climate

Humidity: the amount of water vapour in the air

p20 
Biodegrade: to decompose by biological 
activity, especially by microorganisms

p30
Migration: the seasonal travel of birds and 
animals to fi nd a new habitat

Notes
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p16
 Fizzy Rockets!

p28
 Martian Mysteries!

Vol. 01 | Issue 10 | October 2012 | Cover+40 pages |   50

p08
 Freaky Flexagons!
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Dear Reader,

This is my ultimate editor’s note – read it well!

I began the Brainwave journey twenty-three issues 
ago. Since then, I’ve shown you around several of the 
treacherous back alleys and hidden roads of Science. And 
we’ve seen many strange and amazing wonders together. 
I thank you for coming along! But now I must go off alone 
to explore different avenues, leaving you with a brand 
new guide: Jayadev Calamur, another crazy nerd, who’s 
going to put this tour-bus into a quicker gear. The trip 
only gets better, so stay curious and carry on!

In the meantime, I still have an incendiary fi nal issue to 
chuck at you. This one’s a big-budget action blockbuster, 
teeming with all kinds of explosions. Nothing will be left 
standing by the end of it, including (but not limited to) 
chemistry labs, space shuttles, boomerangs, eardrums, 
nostrils and an unfortunate assortment of animals. If you 
live to tell the tale, and with all your integral parts intact, 
write in and tell me how!

The countdown has begun, and soon we must part ways 
like two halves of an atom’s nucleus. Let our fi ssion 
radiate a gigantic wave of energy, imagination, good 
humour and sound logic. Let it be big and noisy and 
blinding. And may it consume everything in its path!

   For the last time, scientifi cally,
   Vinayak
   vinayak@bwmag.in
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I told my therapist I was having 
nightmares about nuclear 
explosions. He said don’t worry it’s 
not the end of the world.
Jay London

Police arrested two kids yesterday. 
One was drinking battery acid,
and the other was eating fi reworks. 
They charged one and let the other
one off . 
Tommy Cooper

Vo

CHATTER BOX

02

Brainwave October 2012 Issue 10 .indd   4Brainwave October 2012 Issue 10 .indd   4 15-09-2012   16:46:0615-09-2012   16:46:06



e 

s 

en 

s 
e. 

d 

, 
s.

.

r.

 

COVER 
STORY

BIG 
BANG

CONTENTS

In which we light up 
all things fi ery and 
fl ammable and blast 
off  on a pyrotechnic 
adventure

Vol. 01  |  Issue 10  |  October 2012
™

11

Brainwave October 2012 Issue 10 .indd   5Brainwave October 2012 Issue 10 .indd   5 15-09-2012   16:46:0615-09-2012   16:46:06



Words tagged with a G are explained in the Glossary at the end of the magazine.

Cut Paste
p.05

Plus Minus
p.35

Mash Monster
p.07

DIY
p.16

Here's How
p.28

Evil Science
p.25

Wacky Tech
p.36

Subscribe
p.39

Pin Up
p.20

Solutions & 
Winners 

p.38

Nuts & Dolts
p.32

Puzzle Popper 
p.34

Multiverse
p.22

Cross Section 
p.31

Planet Ninjas
p.30

Geek Speak 
p.24

Toybox
p.08

List Twist 
p.12

Ask Us Why p.10

Pulp Science p.14

SF  p.26

W
pie
aw
an
Da
of 
sp
te
de
an
go
an
ou
ne
its
wa
pa
wa
Af
be
te
re
sa
th
lik
wa
str

Im

04

Brainwave October 2012 Issue 10 .indd   6Brainwave October 2012 Issue 10 .indd   6 15-09-2012   16:46:0715-09-2012   16:46:07



When scientists see a beautiful 
piece of art, they aren’t simply 
awestruck, they feel curious 
and challenged. So when Dr 
Daniel Bonn of the University 
of Amsterdam, Netherlands, 
spotted 16ft-tall sandcastles 
teetering on a beach, he 
decided to see just how high 
and thin a sand column could 
go before it collapsed. Dr Bonn 
and his team started by fi guring 
out how much water was 
needed for the sand to hold 
itself together. They found that 
water actually glues the sand 
particles together by forming 
water bridges between them. 
After sweating it out on the 
beach and in the lab, Dr Bonn’s 
team struck upon the perfect 
recipe to build taller, stronger 
sandcastles. Too much water, 
they decided, led to a landslide-
like situation. The optimum 
water content for a strong 
structure was actually a modest 

For years, scientists have 
been studying the causes of 
degeneration and memory 
loss which occurs in old age. 
An ageing brain loses neurons, 
which leads to the thinning 
of the cortex (the outer layer 
of the brain responsible for 
memory and thinking). Figuring 
that degeneration in old age 
is normal, researcher Emily 
Rogalski from the Northwestern 
University Feinberg School of 
Medicine, USA, took a novel 
approach and studied the 
brains of those aged people 

Fishy Diving Feats

CUT
PASTE

Image by Stéphane Moussie

Cortical neuron image by Gerry Shaw

Sandcastles in the Air

Young and Brainy Forever

1%. Now we can go forth and 
build our own fancy sandcastles 
(rather than knocking down 
those that are better than ours 
out of sheer envy!). We have 
just one question – does the 
1% formula also include all the 
sweat that drips onto the sand?!
via Scientifi c Reports

who had retained their 
memories. And was she in for a 
surprise! Although her subjects 
were old, their brains were not. 
In fact, the brains of some of 
these 80-year-olds resembled 
a perfectly healthy 50-year-
old brain. In some cases, they 
had cortices which were even 
thicker than those of younger 
subjects! Rogalski believes that 
studying the brains of super-
agers, as she terms them, could 
give us clues about how ageing 
really works, and what we can 
do to slow it down. Studies 
of this kind can also help 
scientists fi nd ways to prevent 
the onset of Alzheimer’s, a type 
of dementia which strikes those 
above the age of 65. 
via Journal of the International 
Neuropsychological Society
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Teeny-Tiny Sea
Tiny zebra danio fi sh eat tiny 
larvaeG. They swim among tiny 
plants and breathe through tiny 
mouths. Naturally, they must 
also live in a tiny aquarium! 
And who better to build 
them one than the not-so-
tiny Russian artist, Anatoly 
Konenko. Famous for making 
miniatures, Konenko holds a 
Guinness record for creating 
the world’s smallest book 
(measuring 0.9mmx0.9mm)! 
His aquarium for the zebra 
danio fi sh is only 30mm long, 
24mm deep and 14mm wide, 
and holds two teaspoons of 
water! But don’t be under the 
impression that it’s too small 
to decorate. The aquarium is 
incredibly detailed, complete 
with miniature plants, 
diminutive, multicoloured 
stones and even a little net to 
transfer the fi sh in. It’s a whole 
teeny-tiny ecosystem!
You can check out more of 
Konenko’s work at konenko.net.

Seventeen-year-old Angela 
Zhang from Cupertino, 
California, recently received 
a $10,000-scholarship when 
she won the Siemens Science 
contest. Her prize-winning 
idea? A possible cure for 
cancer! In her paper, Angela 
created a nanoparticleG capable 
of detecting cancer cells. 
She suggested that if cancer-
fi ghting medicine was added to 
these particles, the medicine 
could be administered only 
to the cancerous cells. This Image courtesy www.konenko.net

Kids Against Cancer

would leave the healthy 
cells untouched (unlike 
chemotherapyG, which is non-
specifi c and harms healthy cells 
in the cancer-treating process). 
While medical researchers 
believe it will be years 
before the treatment can be 
administered on humans, they 
think that the idea is a workable 
one. Tests conducted on mice, 
using this method, showed that 
the cancerous cells disappeared 
completely. 

Elsewhere, 15-year-old Jack 
Andraka from Maryland won 
the Gordon E Moore award at 
the recent Intel International 

Science and Engineering Fair. 
He earned a $75,000-reward 
for coming up with a test to 
detect pancreatic cancer. 
Most people suff ering from 
this disease die within a 
year of being diagnosed. The 
reason is that this particular 
cancer is hard to detect, and 
is usually found after it has 
progressed signifi cantly. But 
the method that Jack has come 
up with – involving detecting 
an abnormal protein whose 
presence points to pancreatic 
cancer – holds hope for the 
future. The diagnostic method’s 
success rate with rats has been 
100%! 

J
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GIANT
JUBJUB?!

IS IT
A

A

OR A

BIRD,
BEAST This weird, unidentifi ed bird 

was found strutting and 
squawking outside a village 
in Lesotho by a wandering 
Bushman. He quickly snapped 
a picture of it on his mobile 
phone camera and sent it to 
the brainy biologists at the 
Oxford University. They failed 
to identify the bird, labelling 

it “a heretofore unidentifi ed 
avian specimen”. Oh, they 
did mention that the mystery 
creature was a mixture of three 
well-known birds. Can you spot 
the three birds that make up Mr 
Jubjub?

Send in your answers to 
brainwave@ack-media.com
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by Rajita Gadagkar
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4. Turn the paper over, and fold the two ends 
into each other in such a way that two of the 
eight sections overlap. The resulting shape 
will resemble a prism.

5. 

7. 

A
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ar

Fle
19
ma
Pri
dis

TOY
BOX

To make a fl exagon, you will need:
 A rectangular piece of paper, in which the 

breadth is exactly half of the length
 A ruler
 A pen/pencil

1. Fold the long edges of the rectangular paper 
towards the mid-line.

2. Now fold the length into eight equal sections.

3. Draw diagonal lines as shown in the picture, 
and make creases along each of these lines.

Method:

Freaky Flexagon
by Arvind Gupta
(www.arvindguptatoys.com) 

F
F
e
a
h
fi
s
T
t
a
w
c

A mathematical toy that is sure to fox you
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e 

5. Next, fold the half-diamonds inward at 
both ends.

7. Keep rotating, and the fl exagon will keep 
changing its shape with ease!

6. Allow the rest of the structure to collapse 
along the creases.

8. You can even draw on it to make it cooler and 
more interesting. 

Top view

A
rtw

ork: Som
esh Kum

ar

What Makes Flexagons So Cool?

1 Think about it. Not fi fteen 
minutes ago, this toy was just a 
regular sheet of paper. Did you 
ever imagine that you could 
bend, twist and turn a piece of 
paper, and make it tell you a 
story without making a single 
tear in it?

2 Because of the fl exagon’s 
rotating property, it is used 
to depict processes like the 
food chain and the life cycle 
of butterfl ies. Can you think 
of anything else that can be 
illustrated with it?

Flexy Time
1939: Arthur Stone, a British 
mathematics student from 
Princeton University, accidentally 
discovers the fl exagon while 

ns.

playing with scraps of paper and 
folding them into random shapes. 
Along with his friends Bryant 
Tuckerman, Richard Feynman and 
John Tukey, he forms a Flexagon 
Committee, which makes detailed 
studies and diagrams, and 
discovers new types of fl exagons 
with varying number of sides and 
faces. 

1959: Mathematics and science 
writer Martin Gardner introduces 
the fl exagon in the fi rst instalment 
of ’Mathematical Games’, a 
recreational maths column in the 
magazine, Scientifi c American. After 
this, the mathematical toy becomes 
popular with lay folk as well.

Flexahedra!
Flexagon enthusiasts (yes, we 
exist!) have gone a step further 
and created the fl exahedron – a 
hypothetical four-dimensional 
fi gure that consists of 3D 
structures hinged together. 
Think of a fl exagon made of 
three-dimensional paper, 
and you’ll come close to 
wrapping your head around this 
confounding idea!

October 2012 09
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A ccording to many 
teachers, students are 
capable of dreaming 

even while sitting in class 
with their eyes wide open. 
But we will explore this 
amazing phenomenon some 
other time.

One theory is that dreams 
help us prepare ourselves 
for situations we encounter 
in daily life. Direct evidence 
for this idea comes from 
experiments involving 
animals. The most vivid 
dreams occur during a phase 
of sleep called rem (short 
for rapid eye movement), 
in which the muscles are 
completely relaxed. As a 
result, they’re unable to 
move. Researchers modified 
the brains of cats and dogs 
so that they could move their 
muscles during this phase. 
The result was that these 
animals started to act out 
their dreams. They were 
mostly stalking animals, 
running, and doing other 

Suchit Murthy wants 
to know, “Why do we 
dream when we sleep?”

by Srinath Perur

A
rtw

ork: Anuranjini Singh

things that cats and dogs 
usually do. So, if you’re 
dreaming about writing 
an exam or missing a bus, 
you could think of it as a 
rehearsal for waking life.

Almost all of us have dreams, 
even if we don’t always 
remember them the next 
morning. People who are 
blind from birth also have 
dreams involving sound, 

Science of Dreaming

smell and touch. The few 
people who don’t dream (a 
condition caused by changes 
to the brain) tend to wake up 

often and don’t feel rested 
after sleep.

Dreams can also lead to 
brilliant ideas. Plenty of 
books, poems, paintings 
and scientific discoveries 
have been inspired by 
nightly dreams. Elias Howe, 
who invented the sewing 
machine, was unable to 
figure out the nitty-gritty 
of how its needle had to 
be threaded. Around this 
time, he had a nightmare in 
which he was captured by 
tribesmen waving spears 
with holes at their tip. When 
he woke up, Howe knew he 
had to position the hole
through which the thread 
would pass, at the tip of 
the needle and not its base. 
Closer home, mathematician 
Srinivasa Ramanujan 
claimed to see entire 
equations in his sleep. He’d 
wake up, write them down, 
and try to prove them.

Perhaps more importantly, 
dreams allow us to make up 
stories around the morning 
alarm and keep on sleeping. 
How boring would life be if 
we couldn’t sometimes fly 
around town or ride to work 
on a pink camel? 

If you want to ask Srinath 
Perur a question, write to us at 
brainwave@ack-media.com

ASK US 
WHY

S
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SCIENCE!™

order yours today!

Is your alarm 
clock a time bomb 
in disguise? Ease 

the pressure 
with 

Is your head 
exploding from 

exam stress?
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LIST
TWIST

by Rahul Nayar

WORLD S 
COOLEST

EXPLOSIONS

Explosions are big, loud
and messy. They set 
stuff on fi re. So they’ve 
got to be bad, right? 
Actually, that depends. 
An explosion releases 
a ridiculous amount of 
energy in the blink of 
an eye. Being able to do 
that can be very useful 
sometimes! Here’s our 
list of the world’s seven 
coolest explosions.

1. Creating the Universe 
The Universe – every star 
in the night sky, every stone 
stuck in your bicycle tyres, 
every whiff of the air you 
breathe – was created by the 
explosion of all explosions: 
the Big Bang. Scientists 
believe that some 13.75 
billion years ago, all the 
matter in the Universe was 
scrunched into an incredibly 
tiny, ridiculously hot dot. This 
point suddenly exploded, and 
the matter inside was fl ung 
out, forming stars, galaxies, 
planets and moons. The 
Big Bang was literally the 
biggest explosion ever. And 
you wouldn’t exist if it hadn’t 
happened!

2. Driving to school
Ever peeked under the hood 
of your school bus? The 
internal combustion engine 
that pulls automobiles along 
works by mixing diesel (or 
petrol) with air inside a set 
of small cylinders, squeezing 
this mixture and then blowing 
it all up. The gases released in 
this explosion slam down on a 
pistonG, which turns a crankG, 

4. Shutting burning oil wells
Petrol comes from oil wells 
– deep holes that are drilled 
into the ground so that the 
oil underneath can be pulled 
up. Sometimes, things go 
wrong, and the wells catch 
fi re. Then, specially trained 
fi refi ghters place explosives 
near the well, and blow it 

3. Sending people to space
Every now and then, 
scientists pick up a few brave 
men and women, strap them 
into astronaut suits, and 
shove them into a metal can 
bolted to the top of a gigantic 
cylinder called a ‘rocket’. 
Then they fi ll the cylinders 
with a dangerous mix of 
liquid oxygen and fuel, and 
detonate the mixture. The hot 
gases come roaring out of the 
rocket’s exhaustG, forcing the 
metal can up, up, up… out of 
the Earth’s atmosphere, and 
into space. Yes, exploring 
outer space is possible, thanks 
to a huge explosion. 

which then turns the wheels 
of your bus. Explosions take 
you to school. Really. 

up
all
th
wi
ex
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do
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5. Saving the Earth from 
giant asteroids
Remember dinosaurs walking 
around the Earth? No? That’s 
right – they were completely 
wiped out 65 million years 
ago when a giant asteroidG hit 

e 
m 
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ks 

6. Demolishing rickety 
buildings
A badly-constructed building 
can get dangerous as it gets 
older: it could collapse and 
hurt people. So how do we 
get rid of it? Well, by setting 
up a controlled explosion. 
Engineers study the building, 
and then strap explosives 
to specially selected parts 
of it. When the explosives 
detonate, they do so ‘gently’, 
such that the rubble falls 
ever so neatly, within the 
compound. And we now have 
space for a new building! 

7. Making you happy at 
Diwali
Fireworks are the funnest 
explosives! Invented by 
clever Chinese scientists in 
the tenth century, they are 
fi lled with simple explosives 
and materials that burn in 
different colours – copper 
burns blue, strontium burns 
red and potassium burns 
violet. Fireworks are used 
as part of festivals, Olympic 
ceremonies and New Year 
displays. Explosives help us 
celebrate with a bang! 

s 

up. The explosion uses up 
all the oxygen in the air near 
the well. Fire cannot survive 
without oxygen. And so the 
explosion snuffs out the fi re, 
allowing fi refi ghters to shut 
down the oil well.

our planet. But what would 
we do if another asteroid 
was on its way over, say next 
month? The plan is to blow it 
to smithereens by lobbing a 
massive nuclear bomb at it. 
But scientists would have to 
do this carefully as nuclear 
bombs are tricky. 
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that daredevil of DETONATION!
the BOMBastic braveheart!
the fearless FULMINATOR!
get ready to meet the uncanny!

the explosive! the amazing!

KABOOMerang!
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PULP 
SCIENCE

by Sunando C
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When he was a boy, Rishi Seth was 
always so full of energy that his 
mother used to worry that he 
would EXPLODE! as he grew older, 
a combination of meditation and a 
good diet helped rishi harness his 
internal energies in amazing ways.

rishi now has the ability to take the potential 
energy stored in any object and convert it to 
kinetic energy, thus charging that object with 
highly explosive results. 

potential energy is associated with the set of 
forces that act on a body in a way that depends 
only on the body's position in space.

the kinetic energy of an object is the energy it 
possesses due to motion. it is the work needed to 
accelerate a body of a given mass from rest to a 
stated velocity. having gained this energy during 
its acceleration, the body maintains this kinetic 
energy until its speed changes.

known as KABOOMerang, the 
only limitation to rishi's ability is 
the time required to charge the 
object. the power of his explosions 
is dependent on the mass of the 
object he is charging. for example, 
a charged boomerang explodes with 
the force of a grenade.

TICK-TICK-TICK-TICK 
KABOOMerang!

October 2012 15
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DO IT
YOURSELF

by Chaitanya Krishnan

Fizzy Rocket
Make your own air-worthy, carbonated rocket with 
vinegar, baking soda and a toothpick!

You will need:
A plastic container with a tight lid, a smaller 
container that fi ts inside the bigger one (even a 
paper cup will do), three tablespoons of baking 
soda, 200ml of vinegar, thick paper, a toothpick 
and a geometry compass 

Caution!
We would like to warn you that this DIY activity 
may be dangerous. But then the fi reworks you 
play with during Diwali are far more dangerous 
anyway. Regardless, do this outdoors.

Fill the larger plastic container with vinegar. 
Leave some space for the smaller container 
to be placed inside.

Use a compass to poke a small hole in the 
lid. A toothpick has to be fi tted into this 
hole, so don’t make it too big.

Put baking soda into the smaller container 
and let it fl oat on the vinegar. Carefully put 
the lid back on the container. Screw it on 
tightly.

Step 01

St

St

Step 02

Step 03

Vinegar

Baking 
Soda
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Take a toothpick and make sure it can fi t 
into the hole we’ve made. If it doesn’t, 
sharpen it with sandpaper. It should be an 
airtight fi t.

Fit the sharp end of the rocket into the pin 
hole, and it is ready for launch.

Give the container a good shake, so that 
the baking soda falls into the vinegar. 
The chemical reaction will produce CO2, 
which will build up pressure in the sealed 
container. Until it’s high enough to shoot 
out the rocket! 

The pointed end will be the back of our 
rocket. So fashion some fi ns for it using 
thick paper. Make a cone out of the paper 
and attach it to the other end. Colour them 
as you like.

Step 04 Step 06

Step 07

Step 05

Paper

 Paper
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The Explosive Story

This is a true story from ancient China. 
The year was 200BCE. People were 
gathered around a fi re. When it started 

dwindling, someone threw in a bamboo stick
thinking it would ignite the fl ames, like dry 
wood. It didn’t. Instead, it sputtered, sizzled 
and fi nally exploded with a loud bang, 
making everyone jump out of their skins. 
What happened was that the pockets of air 
in the porous bamboo stick became hot, and 
expanded when thrown in the fi re. This built 
up pressure, resulting in a mini-explosion. 
Hmmm, the frightened folk around the fi re 
thought: this is the perfect way to scare off  evil 
spirits that are eating our fi elds and families!

Meanwhile, Chinese alchemistsG had been 
looking for recipes to make life infi nite or 
convert iron to gold. In the process, they 
had also discovered several combinations 
of chemicals that did not go well together. 
Proof of this was blistered hands and 
eyebrow-less faces. Pretty soon, these 
interesting fl ammable combos were added 
into the now-popular burning bamboo stick, 
causing louder explosions, bigger fl ames, 
and bits of bamboo to fl y everywhere. The 
status of this Chinese invention was then 
upgraded from spirit-banisher to warfare-

making a bang

Most fi recrackers today are fi lled with 
gunpowder, also known as black powder. How 
are they made? Machines rapidly make tubes 
of compact, stiff  and tightly-rolled paper. 
Structures made up of a bunch of these tubes 
are then assembled. One side of this structure 
is sealed with clay (so that the tubes are sealed 
off  at one end). Next, a sheet of paper is glued 
on to the other side of the structure, and holes 
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by Aparna Kapur & Anuranjini Singh

crackle!

bang!

companion. One particularly successful 
mixture was a combination of sulphur, 
charcoal and potassium nitrate, now known 
as gunpowder – the hero of all explosives.
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the  pyro-enthusiast’s  guide  to 
firecrackersfirecrackers
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Saltpetre is rich in oxygen and makes the 
gunpowder burn faster, and the crackers burst 
louder. The oxygen released when saltpetre 
burns, reacts with the carbon in the charcoal 
to form a compound which burns easily. The 
sulphur, apart from burning as a fuel, lowers 
the temperature at which the gunpowder gets 
ignited, increasing the rate of combustion 
(the speed at which a substance burns).

Sulphur
Aluminium

Charcoal

Saltpetre

When the fuse is lit, it ignites the gunpowder 
inside the tube. The reaction releases gases, 
causing the pressure to build up and the paper 
tube to explode. 

BEWARE! Firecrackers are extremely dangerous and 
we strongly advise you to handle them only under 
supervision. They are made by skilled professionals 
and whipping them up in your room is out of 
the question. CONSIDER YOURSELF WARNED!
Crackers are also harmful to animals, especially dogs 
and birds. So use them sparingly and responsibly.

bang!

O2
 + C + S = BOOM!

are made over each tube. The tubes are fi lled 
with gunpowder and a fuseG is inserted into each 
of them. Finally, they are sealed from this end 
as well. To make a string of crackers that burst 
in continuous succession, the fi recrackers are 
connected with a common fuse.

behind the boom

The recipe for black powder has remained the 
same for centuries! Basic gunpowder is made 
of 75% saltpetre (or potassium nitrate), 15% 
charcoal and 10% sulphur. Sometimes, powdered 
aluminium is added to the mix to create a bright 
fl ash when the cracker bursts. 

a cracker 

of a town

We don’t need to import our fi recrackers from 
China like most of the world does. We have 
our own fi recracker hub in a small town in 
Tamil Nadu, called Sivakasi. While most of 
its people work in cracker factories, others 
are indirectly employed by the fi reworks 
industry – like making paper tubes and boxes. 
Sivkasi's pyrotechnicG industry is worth 
`2000 crore! It has more than 700 factories 
manufacturing crackers and fi reworks. 

At the time this issue was going to print, 38 
people were killed in a tragic fi re at one of 
the cracker-manufacturing units in Sivakasi. 
It was caused by lax safety standards.
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This 19th century picture by illustrator and 
caricaturist Albert Robida shows a futuristic 
Paris where people whiz around in airplanes 
after an evening at the opera. Look closely, and 
you will see assorted fl eets of aircraft roaming 
the skies, from buses and limos to police 
patrol planes and private planes. Also, all the 
airplanes resemble fl ying fi sh!

Le Sortie de l'opera en l'an 2000 
by Albert Robida, 1882 
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A tree falls in a forest. 
Does it make a sound?

The tree causes the air 
surrounding it to vibrate 
as it falls. These vibrations 
travel through the air. Your 
ears pick them up as audible 
sound. Clearly, you need 
functioning eardrumsG, 
brains and air to perceive any 
kind of sound.

2027CE

Meanwhile, in the eerily quiet vacuum 
of space, a mission to Mars suffers a 
serious, silent, bone-shaking jolt.

SPACE 
JUNK 

MULTI
VERSE
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CAN YOU 
HEAR ME, 

MAJOR TOM_

Even with their 
perfectly working 
ears, the crew can 
hear nothing unless it 
is within the airlock 
of the ship. 

The ship 
will explode 
in three 
minutes.

Just in time, 
the escape pod 
carries the crew 
safely towards 
a space station 
near the Earth.

The ship explodes quietly in 
the vacuum. There is a brief 
lash of light. Fast-moving 

radiation, hot gases and debris 
blossom outwards in straight 
lines. These keep moving till they 
lose energy or get de lected by 
other objects in space.

Somewhere on Earth, a tree falls. 
2033CE

SPACE 
JUNK 

FUEL TANK 
CRITICALLY 
BROKEN_
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GEEK
SPEAK

by Aparna Kapur
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TheBig
Blow-up

Dr Guruswamy Kumaraswamy 
is a chemical engineer at the 
Polymer Science and 
Engineering Division at the 
National Chemical Laboratory 
in Pune. His daily work involves 
researching the mysterious 
world of polymers and their 
chemistry. We quizzed him 
about accidental lab explosions, 
fi ery chemical eruptions and 
other such bombastic stuff . 
This is what he had to say:

What is the one thing everyone 
should know about chemical 
explosives?
An explosion of any kind 
involves a very rapid release 
of energy. The big difference 
between burning (for 
example, while cooking at 
home) and an explosion is 
the rate at which energy is 
released.

Chemistry labs in cartoons 
involve a fair amount of 
explosions, usually leaving 
the faces of the characters 
blackened! Do such accidental 
explosions really happen?

What precautions do you take 
while working with explosive 
chemicals?
Explosions happen under 
some experimental 
conditions. For example, 
while mixing certain kinds 
of fuel/oxidants. Some 
chemicals have so much 
chemical strain in them that 
they explode even when 
touched with a feather. You 
can see a nice video of this 
sort of thing in the ‘Chemistry 
Comes Alive’ section of the 
American Chemical Society 
(http://goo.gl/w3zDh). 

The precautions we take 
are basically to prevent 
conditions where explosions 
occur, or to make sure that 
the explosion is only as 
small as is necessary, and is 
contained. 

Accidental explosions 
defi nitely can happen. All 
the safety rules we routinely 
follow in chemistry 
laboratories and companies 
today are aimed at 
minimising the possibility 
of these explosions. One 
incident that I remember 
vividly is when I was in the 
9th standard in school. Our 
chemistry teacher showed 
us how to prepare hydrogen 
by adding acid to metal. 
Unfortunately, there was a 
leak in the glassware she was 
using to collect the hydrogen 
– it mixed with the air and 

ignited explosively when 
it came in contact with the 
fl ame. Not surprisingly, it 
woke up the whole class, and 
several of us became a lot 
more interested in chemistry 
than we had been. Nothing 
like a (thankfully small) 
explosion to get school kids 
curious about chemistry!
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EVIL
SCIENCE
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Doggy Mines
During World War II, the Russian army 
lost many soldiers to German tanks. These 
were heavily armoured and fortifi ed with 
devastating guns, making them nearly 
impossible to get past. But they had one 
major weakness: their chassisG. The tanks 
had been armoured all around, but not 
underneath. Now all the Russians needed 
to do was place their bombs under German 
tanks. But this was easier said than done. 
Human lives were lost by the dozens.

In their desperation, the Russians began 
training dogs to dive under tanks by using 
food to entice them there. Out on the 
battlefi eld, they would be made to repeat this 
exercise while outfi tted with a special canvas 
harness carrying explosives. Once they were 
under an enemy tank, a lever would set off 
the bomb.

But the plan backfi red. Most of the anti-tank 
dogs were so frightened by gunfi re that 

they ran back into the Russian trenches, 
detonating the explosives there and killing 
their own masters. Some dogs were shot 
dead by the Germans, and a few got confused 
and dove under Russian tanks that were 
more familiar to them.

The failure of this experiment could be 
called poetic justice. Then again, what 
poetry is there in blowing up your most loyal 
friends? 

Dogs of War by Vinayak Varma

Bat bombs
WWII also saw the US forces trying to train 
bats – made to wear vests fi lled with timed 
explosives – to fl y into Japanese buildings. 
This too failed when the bats fl ew back into US 
tankers instead.

Donkeys of Chaos
In recent years, bomb-laden donkeys have been 
deployed by Taliban terrorists against armies as 
well as civilians in the Middle East.

October 2012 25

History has seen much 
cruelty done to animals 
in the name of progress. 
The worst of this happens 
during wartime. In this 
edition of 'Evil Science', 
we look at how animals 
have been used as a 
delivery mechanism for 
bombs. If violence and 
brutality upsets you, you 
won't like what you read 
in this article.

Brainwave October 2012 Issue 10 .indd   27Brainwave October 2012 Issue 10 .indd   27 15-09-2012   16:46:1915-09-2012   16:46:19



Once upon a time (a time not very 
far from your time and mine), the 
Tumblytee found itself on the surface 

of a little blue-green planet, looking down at 
a town.

The Tumblytee, in case you’re wondering, 
is a spaceworm, a sound – a rhyme on your 
tongue, a song in your head, even a throb 
in your blood – that fl oats through time and 
space, looking for someone to eat. When 
it fi nds you, it enters through your ear and 
attaches itself to your mind. Then it feeds 
off you, as you pulse to its sound, until you 
are no longer you. By the time it is done, you 
aren’t even much of a someone else.

At our particular point in time and space, 
the Tumblytee descended on the town like a 
purple mist, rumbling lightly. It was hungry. 
And there, smelling fresh, delicious and 
carbon-y, were children! It hurried towards 
them, its thousand tongues trembling with 
hunger.

The children bounced and spun around in 
their game. They sang an ancient song:

Stay away from the Tumblytee,
The Tum-blee-tee, the Tum-blee-tee,
Close your ears to the Tumblytee
Or you will soon be not a me.

You won’t be an I, a he or a she,
Or even an it, a them or a we.
Oh run away from the Tumblytee
Or you will soon be not a me.

Horrible creatures, thought the Tumblytee, 
with their stupid rhymes and spinning 
games, making sure it couldn’t eat them! 
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by Shalini Srinivasan

A
rtw

ork: Som
esh Kum

ar

Open 
Your 
Mind

26

Brainwave October 2012 Issue 10 .indd   28Brainwave October 2012 Issue 10 .indd   28 15-09-2012   16:46:1915-09-2012   16:46:19



Perhaps it needed a new planet? These 
children had gotten wise. Then it sensed 
someone who wasn’t singing. A small girl 
was walking down the road, a little away 
from the others. Her name was Pramila and 
she was very grouchy, but the Tumblytee 
didn’t know this. So it swooped in through 
her ear, humming with joy.

When it got inside, it had its fi rst shock – she 
didn’t seem to like its deliciously addictive 
hum. She was so busy being bad-tempered, 
she didn’t notice its tune or beat or the 
delicate sway it tried to put into her walk.

What Pramila was really grumpy about was 
her little brother Rohit. He had borrowed 
her cycle and fallen into a ditch. He was 
scratched and somewhat battered, but the 
cycle was ruined. Its front wheel was twisted 
and the handlebars were broken. Their 
parents hadn’t even yelled at him! They had 
only said they were glad Rohit wasn’t very 
hurt. Rotters, all of them!

When Pramila fi nally stopped brooding, the 
Tumblytee had collapsed with boredom and 
hunger. Sensing a pause, it started humming. 
It began weakly, a haunting tune that 
danced through Pramila’s blood. Children 
all over time and space had become obliging 
Tumblytee-meals when they heard this tune. 
Not Pramila.

As soon as Pramila heard the lilting tune, she 
stiffened. No song was going to cheer her 
up when she wanted to nurse a grudge. She 
started to sulk again, with a furious and petty 
rage. Her head brimmed with (sometimes 
imagined) hurts Rohit had done her. There 
was the time he ate the last chocolate in the 
house…

The Tumblytee shuddered. It crawled to 
Pramila’s ears, weak with hunger, hoping to 
escape and fi nd another victim. But Pramila 
had closed her ears quite thoroughly. Her 
thoughts continued to be nasty and dull. The 
Tumblytee wouldn’t have minded so much 
if she was angry about something exciting. 
If Rohit had killed someone, or usurped a 
throne, or cut off the wings of her dragons, it 
wouldn’t have minded. In fact, the Tumblytee 
thought furiously, Rohit might’ve at least 
stolen that beastly chocolate when Pramila 
was actually hungry.

In desperation, the Tumblytee twisted into 
the seventh dimension. It breathed deeply, 
taking in the sweet empty silence of space. 
No Pramila, no Rohit, no horrid planet. It 
swirled wide, weak, but profoundly peaceful.

As it wafted across space and time, it sensed 
a tiny, purplish planet. It sent forward its 
tongues. They tasted the faint juicy tang 
of friendly copper-based life forms. The 
Tumblytee swooped. 
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Tracking the exploits of Curiosity on Martian terrain 

by Jayadev Calamur

Im
age: N

A
SA

/JPL-Caltech
A

rtw
ork: Som

esh Kum
ar

The mysteries behind our 
neighbouring planet, 
Mars, could be solved 

soon, thanks to a laser-wearing, 
robotic rover called Curiosity. 
Recently launched by NASA, it 
is currently parked on Mars on a 
23-month mission.

Why is Mars such a mystery?
 Several theories suggest that 

there is a possibility of life 
on the planet.

 Other theories propose that 
certain microorganisms, 
which thrive on methane, 
grow on Mars. But this hasn’t 
been proven scientifi cally.

W
 

 

 

 

Martian Mysteries

 There is water on Mars 
due to the high availability 
of carbon dioxide in its 
atmosphere. However, it is 
not like the water on Earth as 
it’s formed by the melting of 
dry ice (solid carbon dioxide).
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What is Curiosity?
 Curiosity is a mobile science 

laboratory. 
 It has six wheels and a laser 

instrument on its forehead. 
 It will study whether life can 

be supported on Mars, the 
evolution of its atmosphere, 
and also analyse the planet’s 
surface.

 The land rover hopes to 
do all of this in 23 months. 
Actually, it doesn’t have 
a choice, as that is the 
estimated duration of NASA’s 
mission. 

When did it land?
 Curiosity landed inside 

the Gale crater on Mars on 
August 6, 2012, eight months 
and 12 days after it took off .

 It took seven minutes to land 
successfully.

 Scientists who were part of 
the mission said that these 
seven minutes were the most 
nerve-wracking of their lives.

What do we already know 
about Mars?
 It is almost the same size as 

Earth.
 The main gas on Mars is 

carbon dioxide (25%); other 
gases include argon and 
methane in minor amounts.

 The red colour of the planet 
is caused by the presence of 
iron oxide, or rust.

 We still have a lot more to 
learn about Mars as most of 
the theories surrounding it 
have not yet been proven 
experimentally.

Why are there no cats on Mars?
Because Curiosity will kill them.
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M olai Woods, off 
the Brahmaputra 
river in Assam, is a 

thriving 1360-acre forest. It 
is home to migratoryG birds, 
insects, elephants, deer, and 
endangered animals like 
tigers and rhinoceroses. But 
would you believe it? A little 
over thirty years ago, this 
space was a barren, sandy 
stretch of land instead of 
the lush forest that it now is. 
What’s even harder to believe 
is that the force behind this 
dramatic turnaround is one, 
lone man.

In 1979, 16-year-old Jadav 
Payeng (nicknamed Molai) 
stumbled upon a sandbarG, 
350km from Guwahati 
in Assam. He asked the 
forest department whether 

A
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The true story of how 
one heroic man grew a 
whole forest

Green
Man

by Aparna Kapur

         What’s even 
harder to believe is that 
the force behind this 
dramatic turnaround is 
one, lone man.

anything could be grown 
there, and it recommended 
bamboo. So Payeng planted 
it, and tended tirelessly to 
the tender shoots and the 
infertile land they grew on. 
Soon, he was the proud dad 
of a bamboo grove!

Payeng was completely 
invested in his project. He 
left home to live on the 
sandbar and soon developed 
a thorough understanding 
of the mechanics of nature. 

Molai  decided that the grove 
was ready for trees. He 
planted seeds and saplings, 
and watched over them day 
and night, watering them, 
pruning them and looking 
after their every need. Later, 
he transferred red ants to 
complete the ecosystem, 
because he’d learned that 
they improved the soil’s 
properties.

Today, Molai’s project has 
turned into a flourishing 
habitat in the middle of the 
Brahmaputra where nature 
grows wild. So what’s the 
difference between barren 
land and a forest complete 
with animals roaming about, 
reptiles slithering around 
and birds nestling in trees? 
One man.  

PLANET
NINJAS
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Send us your completed crosswords and give us your feedback! Write to brainwave@ack-media.com. 

Tick, Tick, BOOM!
D

M

ACROSS
4. Shock wave caused by an explosion (5)
5. Recover (4)
6. He invented dynamite (5)
7. Heavy metal used to manufacture 

explosives (4)
9. Guano used in explosives is really this (4)
11. Distance that a ballistic missile can travel (5)
13. A ____ bomb goes tick, tick, tick… BOOM! (4)
14. Inert gas used to create fl ash for 

photography (5) 

DOWN
1. Large projectile-fi ring weapon on wheels 

(6)
2. Bombard (5)
3. A nuclear explosion creates a mushroom 

____ in the sky. (5)
4. Little ___: the fi rst atomic bomb used as a 

weapon (3)
8. Explosions release enormous amounts of 

this (6)
9. A ____ bomb is dynamite mixed with 

radioactive material. (5)
10. Environment-friendly (5)
12. Firearm (3)

by Veena Prasad
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NUTS AND 
DOLTS

There are scientists who’ve studied 
noses, and other scientists who’ve 
studied the stuff that comes out of 

noses. Then there are the scientists who’ve 
studied adults who pick their noses, and 
those who’ve studied the behaviour of kids 
who sometimes tend to stick their fi ngers 
into their noses to pick the stuff that comes 
out of them.

Until Dr Chittaranjan Andrade and Dr BS 
Srihari came along, though, there’s never 
been a scientist who’s properly dug into 

society’s moist places where all these gross 
people and things exist at once. So that’s 
precisely what these two guys went and 
did. They got hold of 200 adolescent school 
students in Bangalore and observed the 
way they dug their noses. In the annals of 
disgusting research, this study was among 
the very disgustingest. Here’s a yucky, sticky 
and perfectly round little sampling of its 
many fi ndings:
Half the research subjects dig their noses 

four or more times in a day, while 7.6% 
pick them more than 20 times in a day.

They Sure Can 
Pick 'Em!

by Vinayak Varma
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*The Ig Nobel awards are given annually to honour achievements that 
“fi rst make people laugh, and then make them think”.

y 

s 

Most kids dig with their fi ngers, while 
some use tools like tweezers and pencils.

4.5% of the 200 confessed to eating their 
nose goo. Bleargh!

25% experience occasional nosebleeds 
because they pick their noses so often. 
Ouch!

By the end of it, the two doctors arrived at 
this wise conclusion: that nose-picking is 
common in adolescents. (We would never 
have guessed!)
Here’s how you can continue this research: 
the next time you catch one of your friends 
with a fi nger up his or her nostril, sit still, 

watch carefully, ask detailed questions and 
take notes. Tell them it’s for science!

The 2001 Ig Nobel Prize was presented to Dr
Andrade and Dr Srihari from the National 
Institute of Mental Health and Neurosciences 
(nimhans), Bangalore, for their vile but 
valuable contribution to the fi eld of Public 
Health.

Did you know?
Compulsive nose-digging is called 
‘rhinotillexomania’. In Latin, this means that 
if you dig your nose too hard, you’ll end up 
looking like a rhino. 
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PUZZLE
POPPER

Ihave been asked to plot 
my family tree as a school 
assignment – either on the 

maternal or paternal side. My 
parents are busy, and I have 
no grandparents. So it was 
simpler to ask Ajjamma. She 
had brought up my mother, 
and is an endless storehouse 
of information about all things 
family-related. The problem 
is her quirky style of sharing 

information. The data is all 
there, but I have to weed and 
sift through it to make the right 
connections. Obviously, I need 
help! So read on and help me 
fi gure out my family tree from 
the information Ajjamma has 
provided.

Ajjamma told me about my 
mother’s grandparents, and 
their two children, who both 
got married and had two 
children each. That added up 
to ten people. Their names 
are: Yashoda, Ramaswamy, 
Goda, Prakash, Srinivas, Yamini, 
Shamanna, Meera, Subhashini 
and Susheela. 

by Radha HS

Here are the assorted bits of 
information that you need to 
map my family tree:

1. My mother’s name is Yamini, 
and she loves the fact that 
Ramaswamy’s daughter 
shares the fi rst letter of her 
name with her.

2. Ramaswamy’s sister gave 
birth to Srinivas.

3. Subhashini has a female 
cousin.

4. Goda married Prakash.
5. Subhashini is neither a blood 

relative nor a cousin of 
Prakash’s.

6. Meera was Srinivas’s 
ancestor. 

TreeLifeof

Send in your answers to brainwave@ack-media.com. The solution will be revealed in the next issue of Brainwave!
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PLUS
MINUS

Email your answers to brainwave@ack-media.com and look out 
for the solution in the next issue of Brainwave. Happy puzzling!

1. The numbers 1 through 20 are written in a row. Two players 
take turns putting plus signs and minus signs randomly, between 
the numbers. When all such signs have been placed, the final 
sum is calculated. If the sum is even, the first player wins and if 
the sum is odd, the second player wins. Would you like to be the 
first or second player?

2. Can you figure why one square is missing in the picture below ?

by Dr Sukanya Sinha / 
Curiouscity

One 
by 

Two
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THE COOLEST 
SHADES OF 
THEM ALL

THE COOLEST 
SHADES OF 
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THE COOLEST 
SHADES OF 
THEM ALL

WACKY
TECH

by Payal Dhar

W earable computers 
are hardly an earth-
shattering concept. 

Anyone who’s seen a sci-fi  
movie knows that. Even in 
real life, scientists have been 
busy inventing all kinds of 
outlandish computer designs 
that we can just slip on. Such 
as Google’s Project Glass!

While scientists are calling it 
an ‘augmented-reality head-
mounted display’, it really 
is just a cool-looking pair 
of shades that works like a 
smartphoneG. Incorporated 
inside the lens is a small 
display, with a battery fi tted 
into the lens. In addition, 
there are motion sensors, a 
camera, gpsG and audio and 
video capabilities. The glasses 
will run the Android operating 
system, be able to connect to 
the internet and also make 
use of Bluetooth and Wi-Fi 
connections.
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Instead of tapping and 
clicking with your fi ngers, 
you merely have to move 
your head to navigate Project 
Glass, as the device is 
motion-sensitive. Plus, it is 
equipped to respond to voice 
commands. Whether you’re 
checking email, looking for 
the nearest atm, or overlaying 
the map of a street before 
you, these glasses aim to be 
an extension of the wearer. 

You won’t fi nd this gizmo 
in stores just yet. A special 
edition of Project Glass will 
be available to developers at 
the Google i/o conference 
in 2013 at a price of $1500. 
It will retail for customers 
sometime in 2014. It might 
not be too fanciful to say that 
these shades will kick-start 
a new age of computing, 
one where sci-fi  and reality 
converge. 
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Think of the word 
‘gadget’. What pops into 
your mind? Something 

spiffy and cutting-edge, right? 
But sometimes, the way 
forward can be really 
low-tech.

A uk-based company has 
designed what is probably 
the simplest mobile phone 
ever. Known as the OwnFone, 
it only contacts your most 
frequently-called contacts. 
It doesn’t have a display or 
even a keypad, so you can’t 
send or receive smses, surf 
the internet or install apps. 
In fact, some people call it a 
dumbphone – as opposed to a 
smartphone!

Instead of a keypad, the 
OwnFone has a set of buttons, 
with a minimum of two and 
maximum of twelve. Each 
one is pre-programmed to 
dial a particular number, 

along with buttons to take or 
end a call, volume controls 
and an on/off button. Of 
course, this means you can 
only use the OwnFone for 
calls to specifi c numbers. 
The call buttons come with 
the names of contacts printed 
on them. So, if you have a 
button called ‘Mummy’, you 
just press that to contact 
your mum. And should your 
mother change her number, 
you can get the company 
to have the number in your 
OwnFone changed.

The OwnFone is not a gadget 
for the geek but for those who 
want to reach their loved ones 

at the touch of a button. But 
then, it doesn’t sound very 
exciting at all. So what’s so 
special about it? Its cleverness 
lies in its simplicity. The 
OwnFone is for those who 
don’t want or need a fancy 
device. It is also handy for 
young children, the elderly 
and those with learning 
disabilities. The makers of the 
OwnFone are working on a 
Braille handset at the moment 
for blind users.

At the moment, the OwnFone 
is available only in uk, but 
if it ever comes to India, I’m 
betting my granny will put it 
on her shopping list. 
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t 
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The solution of this problem 
is easy for two and three 
elephants. The image on the 
right shows the fi rst 16 out of 
25 possible steps in which we 
can solve the problem for four 
elephants. As you can see, the 
number of steps increases a 
lot as the number of elephants 
increases. 

SOLUTIONS 
AND WINNERS

Solution to Cross Section, 
September 2012

Solution to Plus Minus, 
September 2012: 
The Jumbo Walk
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Student’s Name:                                                                 
Guardian’s Name:                                                               
Date of Birth:           (DD MM YYYY)
Address:                                             
                                                                                                
                                                                                                
City:        PIN:                                       
State:                                                                                     
School:                                                                                  
Class:                                                                                     
Email (Student):                                                                  
Email (Guardian):                                                               
Tel of Guardian: (R):                                                           
Mobile:                                                                                  

      CREDIT CARD
Card Type: Visa MasterCard
Please Charge `425 to my Credit card 
Number below:

Expiry Date :

      CHEQUE/DD

on (bank)                                                                   ,
for the amount                          ,     
dated 

      CASH: `                         
Submit this form along with your payment to the 

Parent’s Signature:

Cardmember’s Signature:

SUBSCRIBE NOW!

Pay only ` 600 425!
Get 12 issues of

29%
off

Why pay `50 every month (that’s `600 a year) 
at your news-stand to enjoy Brainwave?

YOUR DETAILS*

PAYMENT OPTIONS

ONLINE SUBSCRIPTION

PAY just ` 425* now, and every month, for the 
next 12 months, you’ll get 40+ pages of

Incredible Ideas
Easy-to-do Experiments

* Publisher at its sole discretion shall have the right to 

us at
ACK Media Direct Pvt. Ltd., 
Raghuvanshi Mills Compound, Senapati Bapat Marg, 

brainwave@ack-media.com
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p06
Larvae: animals or insects that are recently 
born or hatched

Nanoparticle: a very fi ne, microscopic particle

Chemotherapy: chemical treatment to kill 
cancerous cells in a patient, and to halt their 
replication and spreading

p12 
Piston: a cylindrical part of an engine that 
fi ts inside a hollow cylinder and moves under 
pressure

Crank: an attached arm, perpendicular to the 
wheel, that moves to make the wheel rotate

Exhaust: the part of an engine through which 
burned gases are discharged

p13
Asteroid: a naturally-occurring solid object in 
space, that is smaller than a planet, but orbits 
the Sun

p18
Alchemists: pseudoscientifi c forerunners of 
chemists who blended metals and elements in 
search for immortality

p19 
Fuse: a cord that, when lit, transports the fi re to 
an explosive device

GLOSSARY 
OF TERMS

Notes

Pyrotechnics: the art and technology of 
fi reworks

p22
Eardrum: a thin membrane in the ear that 
transmits sound between the outer ear and the 
middle ear

p25
Chassis: the frame that runs trough the lower 
part of a vehicle, keeping its integral parts 
in place, the same way the human skeleton 
provides support to our organs

p30
Migratory: birds that travel seasonally in 
search of a new habitat

Sandbar: a ridge of sand caused by the actions 
of waves along a shore

p36
Smartphone: a handheld device with more 
computing capacity than a regular phone

GPS: Global Positioning System; enables a 
cellphone to determine its exact location 
based on satellites

40

Brainwave October 2012 Issue 10 .indd   42Brainwave October 2012 Issue 10 .indd   42 15-09-2012   16:46:2515-09-2012   16:46:25



AD

he 

s 

Brainwave October 2012 Issue 10 .indd   43Brainwave October 2012 Issue 10 .indd   43 15-09-2012   16:46:2515-09-2012   16:46:25



RNI No: MAHENG/2012/42382

AD

Brainwave October 2012 Issue 10 .indd   44Brainwave October 2012 Issue 10 .indd   44 15-09-2012   16:46:2515-09-2012   16:46:25


	brainwave 1
	brainwave 2
	brainwave 3
	brainwave 4
	brainwave 5
	brainwave 6
	brainwave 7
	brainwave 8
	brainwave 9
	brainwave 10
	brainwave 11
	brainwave 12
	brainwave 13
	brainwave 14
	brainwave 15
	brainwave 16
	brainwave 17
	brainwave 18
	brainwave 19
	brainwave 20
	brainwave 21
	brainwave 22
	brainwave 23

